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INTRODUCTION 

Contemporary materials science is extensive and multi-disciplinary field of knowledge, which 
accumulates the progress in both a number of fundamental sciences: solid state physics, physical 
chemistry, mechanics of deformable solids, and the technology in the broadest sense of that word. 
Enormous and continuously increasing worldwide interest to the science of materials is caused by 
extraordinary role which play new materials in technological revolution taking place before our eyes 
during last decades. 

In XX century, especially in its second half, the material scientists made outstanding progress 
together with technologists in discovering and developing production of a number of truly unique 
materials. Suffice it to say about synthesis under high pressure a diamond and cubic boron nitride, 
ferroelectrics and piezoelectrics, supermagnets, ultra-heat-resistant and radiation stable alloys, 
alloys having shape memory, metal glasses, quasicrystals, high-temperature superconductors, 
foamed metals, viscous ceramics, nanostructured materials, including fullerenes and nanotubes, 
and many others. It became real high technologies for production materials as ultra-fine powders, 
thin films, single crystals, directed eutectics, laminated and gradient structures. We are now close 
to directed engineering of materials with specified structure and necessary set of properties. 

However, XXI century presents to material scientists more grandiose problems. The requirements 
increase abrupt to structural materials with respect to their strength, work temperatures, ability to 
perform in aggressive media. There is the necessity in materials, which can adapt to hazard, often 
extreme performance conditions. An electronics requires superminiaturization that is possible only 
upon development super-conductors, semi-conductors and dielectrics of new generation. The 
medicine requires materials of new generation with principally new properties: bio-compatibility and 
bio-activity. An important role must play various sensors, which respond to the change of external 
conditions. The scientists are seriously engaged in creating "intelligent" and "smart" materials. 

Present conference makes it its aim to discuss both progress in contemporary materials science, 
and those problems — challenges, which have to be solved in nearest future. 

The conference topics cover wide range of problems: modeling of production processes and 
behavior of materials under various conditions; experiments directed to obtaining materials with 
new level of properties; high technologies; new testing methods and material characterization. 

With respect to problems under discussion and number of participants our conference is one of the 
largest materials-science forums which have been held at the beginnig of current century at the 
territory of the former Soviet Union. 

Of course, it is impossible to embrace all problems, which are under solution in contemporary 
materials science. Our conference is devoted mainly to up-to-date inorganic — metal and 
ceramic — materials and composites base on them. 

I hope that the interest to that conference is due the fact that it is dated to 50th anniversary of one 
of the largest materials science center in Europe — the Frantsevich Institute for Problems of 
Materials Science of Ukraine National Academy of Sciences. 

The most important papers of leading Ukrainian and foreign specialists, which cover main 
conference topics are collected in chapter "plenary sessions" in 1st volume of our issue. This 
volume contains also the materials of sections "Fundamental problems of materials science" and 
"Specific technologies". The 2nd volume include materials from two sections: "Perspective 
materials of functional and structural purposes: possibilities of obtaining new level properties" and 
"Characterization of materials properties". The materials published reflect to a great extent the 
tendencies in development contemporary materials science, and I hope will be discussed with 
large interest at conference. 
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I would like to express my sincere gratitude to the sponsors of our conference, which financial 
support allows for to hold conference at proper level and to publish current issue. These are: 
Ukraine National Academy of Sciences, State Administration in Kiev, Science and Technology 
Center in Ukraine, and also our old friends and colleagues from European Office of Aerospace 
Research and Development of US Air Forces. 

We also appreciate very much the respected materials science organizations, EMRS and UIMRS, 
and personally their managers Dr. Paul Siffert and Dr. P.GIasow for agreement to hold conference 
under patronage of those organizations. 

In conclusion I would like to wish the conference participants great success in work, and pleasant 
and fruitful way of spending time in one of the most beautiful European cities — Kiev. 

V. Skorokhod, 
Editor, 
Academician of Ukraine National Academy of Science, 
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HHCTMTVTV npo6jieM MaTepuanoBeAeHiifi 
MM. M.H.OpaHMeBMHa HAH YxpaiiHb! — 50 JieT 

fl.A. JleBMHa, Jl.A. MepHbiiueB 

McTopua HHCTMTyTa npoßjieM MaTepwanoBeAeHi/m MHoroo6pa3Ha H cno>KHa. K 
co>Ka.neHfiK>, noKa He npoßefleHa paöcrra no ee flOdaTOHHO nonHOMy onwcaHwo c nonHotö 
H    06"beKTMBH0M    OqeHKOM    BCeX   Tex,    KTO    BHeC   BKJiafl    B    CTaHOBfieHMe    M    pa3BMTne 
MHCTMTVTa. ABTopbi 3TOM He6onbiuoii saMeTKH, npopa6oTaBLUne B MHCTMTyTe 6onee 
35/ieT, ocMennnncb flaTb CBOK» TpaKTOBKy ero TBopHecKoro ny™, npeflCTaBMTb CBOM 

B3mjifl Ha Tex, Mbe MMA HaBcerfla 6yfleT BHeceHO B ero neTonncb. Mbi 3TO flenaewi pj\?\ 
Toro, HTOÖbi ynacTHMKM Haiiiew KOHCpepeHMHH CMomw npeflCTaBHTb ce6e TOT nyTb, HTO 

npomeji Haiu MHCTHTyT. Mbi noHi/iMaeM, HTO MOweT 6biTb w HecKonbKO WHOM B3mnA Ha 
Hamy ncTopuKD, paccTaBJieHbi MHbie aKLjeHTbi M BbifleneHbi MHbie AOMi/maHTbi ero 
TBopMecKoro pa3BMTM5i. Mbi 3apaHee npuHOCMM M3BHHeHHfl Tewi, o KOM Mbi ynoM?mynn 
HeflocTaTOMHO nnn BOBce He ynoMHHynii. OöteM 3Toro MaTepnana HeBenwK n 060 Bcex 
CKa3aTb He npeflCTaBunocb B03MO>KHbiM. ItraK, B nyTb. 

B nocrieBoeHHbie roflbi B 1/lHCTWTyTe MepHotf MeTannyprnn AH YCCP cymecTBOBan 
OTflen cpM3MKO-XMMnn MeTannyprHnecKwx npoLieccoB, KOTopbm npoBOflun pa3pa6oTKH 
MaTepnanoB c BHCOKHMH noKa3aTejiflMH »rapocTofiKOCTW, waponpoMHOc™ v\ 3PO3MOHHOM 

CTOMKOCTH c LunpoKMM ncnojib30BaHneM MeTOAOB nopoujKOBOM MeTannyprwH. B 
1952rofly Ha ero ocHOBe 6bina opraHM30BaHa JlaSopaTopun cneLicnnaBOB, OTKy^a n 
BefleTcn jieTOMCMwcneHne MHCTHTyTa. B 1955 roAy 3Ta Jla6opaTopnfl Sbina 
peopraHM30BaHa B MHCTMTyT MeTaiuioKepaMMKH v\ cneqcnnaBOB AH YCCP. C 1965 rofla 
OH HOCMT Ha3BaHne MHCTMTyT npoöneM MaTepnanoBefleHMfi. 

OcHOBHbiMn HanpaBJieHMfiMM HayHHoii fleyrrenbHOc™ MHCTMTyTa ABnaiOTCfl 
pa3pa6oTKa HayHHbix OCHOB co3AaHM$i HOBbix MaTepwanoB c 3aflaHHbiMM CBOMCTBaMM Ha 
6a3e pe3ynbTaTOB cpyHAaMeHTanbHbix nccneflOBaHnii B oönacTH cpn3MKH TBepfloro Tena, 
cpn3MHecKoro MaTepnanoBefleHMfi, cpM3MMecKOM M HeopraHMMecKOM XMMMM, MexaHMKn 
flecpopMnpoBaHHoro Tena; CMHTe3 HOBWX MeTannunecKux cnnaBOB H TyronnaBKHX 
coeflMHeHnii, HOBbix nopoiuKOBbix, KOMno3Mi4MOHHbix M KepaMnnecKHX MaTepnanoB, 
pa3pa6oTKa HOBWX M ycoBepmeHCTBOBaHne cyinecTByioLL|MX npoqeccoB nx npon3BOflCTBa 
n cooTBeTCTByK)LL|ero o6opyAOBaHH?i, pa3pa6oTKa pa3Hoo6pa3Hbix MaTepnanoB ßj\s\ 
noKpbiTMM M npoqeccoB o6pa6oTKM M coeflMHeHUfl MaTepnanoB. 

OAHMM H3 ocHOBaTejiew w nepBbiM A^peKTopoM HHCTMTyTa (AO 1973 r.) 6bin 
aKaAeMMK AH YKpanHbi MßaH HMKMTHH OpaHueBWH (1905-1985 rr.) - u3BecTHbi£i yqeHbm B 

o6nacTn cpM3imecKOM n HeopraHnnecKOM XMMUM, noponiKOBoCi MeTannyprnw v\ TBepAoro 
Tena, nenoBeK BbiAaHDiAMXcfi cnocoÖHOCTeii, 6onbiuoM spyA^unn M lunpoKoro Kpyro3opa, 
MHoro CAenaBiuuM ßj\n CTaHOBneHna MHCTMTyTa KaK KpynHoro MaTepnanoBeAMecKoro 
ueHTpa, KOTopbM c 1985 roAa HOCHT ero MMA. 

noA pyKOBOACTBOM H.H.OpaHMeBMHa 6binn co3AaHbi n BHeApeHbi pa3HOo6pa3Hbie 
KOMno3MMMOHHbie MaTepnanbi Ha ocHOBe nepHbix u ußeTHbix MeTannos M TyronnaBKnx 
coeAHHeHMM, ccpopMynnpoBaHbi nayHHbie npuHunnbi &m paspa6oTKH yAapocTOMKnx w 
cBepxTBepAbix KOMno3MMMM, pa3pa6oTaHbi MeTOAbi sneiaposamnTbi OT KOppo3wn 
MarncTpanbHbix ra3onpoBOAOB. B 1961 r. no HHimnaTMBe M.H.OpaHMeBMMa ocHOBaH 
HayHHbiii >KypHan "noponiKOBafl MeTannyprna", KOTOPHM fiBnaeTca OAHMM MX HeMHorux 
oTenecTBeHHbix x<ypHanoB, KOTopwii nepeBOAMTca Ha aHrnnwcKnii A3biK M nonb3yeTCfi 
nonynapHOCTbio   sa   py6e>KOM.   3a   BbicoKwe   AocTH>KeHWfi   H.H.OpanueBMHy   6binn 
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npwcyx^eHbi rocyaapcTBeHHbie npeMwn CCCP M YKpanHbi v\ npucBoeHo caivioe BbicoKoe 
no TeM BpewieHaM 3BaHne Tepon ComianncTMHecKoro Tpyfla. 

C 1973 r. Ha npcrmweHMM 28 neT flupeiaopoM MHCTMTyTa 6bin aKafleMHK HAH 
YKpanHbt w AH CCCP (BnocneflCTBiiM POCCMMCKOM AH) Bmaop MßaHOBMH TpecpmiOB 
(1931-2001 rr.). OH ABnaeTCfi OAHMM M3 aBTopoB pa3pa6oTKi/i cpM3HHecKMx OCHOB Teopnn 
npoHHocTM H nnacTMHHOCTn TyronnaBKMx MaTepnanoB, Teopnn flecpopMauHOHHoro 
ynpoHHennfl M pa3pyuueHnn nonnKpucTa^nunecKux MeTan.ni/mecKnx MaTepManoB. 
BnepBbie B MaTepnanoBefleHnn B.H.TpecpunoB c KonneraMM pa3pa6oTanw ocHOBbi 
TexHonoruM npon3BOflCTBa TaK Ha3biBaeMOM "BH3KOM" KepaMMKM M anMa3onoflo6Hbix 
KepaMMK. B.M.TpecpwnoB - flBa>Kflbi naypeaT TocyflapcTBeHHOM npeMUM YKpanHbi. 
B.M.TpecpunoB 6bin KpynHbiM rocyflapcTBeHHbiM flemeneM, «nneHOM napnaivieHTOB YCCP 
M CCCP, BML4e-npe3MfleHTOM AH YCCP. OH BbicTynwn MHnqnaTopoM co3flaHMH M 

pyKOBOflMTeneM MHoroHMcneHHbix HaL|MOHanbHbix M Me>KflyHapoflHbix nporpaMM, 
HanpaBneHHbix Ha oöecneneHne coBpeMeHHofi TexHMKn HOBbiMn MaTepnanaMw c 
HeoöxoflUMbiMM 3KcnnyaTai4MOHHbiMn xapaicrepMCTHKaMn. 

C 2001 rofla 1/lHCTHTyTOM pyKOBOflWT aKafleMMK HAH YKpanHbi Banepnti 
Bnafli/iMwpoBMH CKopoxofl, Mb« fleflTeiibHOCTb nocB^LMeHa pa3pa6oTKe HayMHbix OCHOB 

npoueccoB nopowKOBOM MeTannyprwn, Teopnn cpM3HKO-MexaHHHecKnx CBOMCTB 

MaTepnanoB, KOTopbie nsroTaBnuBatOTcn cneKaHnewi nopoiuKOB, B CBH3H C MX cTpyioypoM 
M TexHonorweM M3roTOBneHMn. MM co3flaHa dporan KonnMecTBeHHan Teopua npoueccoB 
flecpopMnpoBaHMA nopoujKOBbix MaiepnanoB npn cneKaHnn, ropjmeM npeccoBaHnn M 

o6pa6oTKe flaBneHHeM, KOTopan no3BonaeT ocytnecTBnaTb nH>KeHepHbie pacneTbi 
onTuwianbHbix TexHonornnecKnx pewnMOB, co3flaHbi MeTOflbi pacneTOB 
sneiaponpoBOAHOCTM, MOflynefi ynpyrocTM, CKopocTM pacnpocTpaHeHun ynbTpa3ByKOBbix 
BoriH B reTepocpa3Hbix wiaTepnanax; SKcnepuwieHTaiibHO MccneflOBaHbi M TeopeTHMecKn 
oöocHOBaHbi     pa3Hoo6pa3Hbie     cpM3HKO-xnMHHecKne     wieTOflbi     aKTMBupoBaHun     w 
MHTeHCMCpMKaL4HM    npOLjeCCOB    BOCCTaHOBJieHWa    OKCMflOB    HBnfleTCfl    MHMMMaTOpOM    M 
McnoriHmeneM pa6oT, HanpaBneHHbix na co3flaHne HOBHX KepaMnnecKnx MaTepManoB, B 

HaCTHOCTM,    KepaMMK   Ha    OCHOBe    MHTepMeTanJlMflOB,    HaHOCTpyKTypHOM    KepaMMKM    Ha 
ocHOBe HMTpMfla M TMTaHaTa 6opa. B.B.CKopoxofl ABnaeTca OAHMM M3 BeflyuqMx 
cneuManncTOB B o6nacTM MccneflOBaHMM" M pa3pa6oTKM cpyHKUMOHanbHbix MaTepManoB, B 

T.H. TMflpMflHblX M C naMflTbKD CpOpMbl. 
3flecb Mbi CHMTaeM yMecTHbiM BcnoMHMTb Tex, KTO, öyflymi M/ieHOM pyKOBOflCTBa 

MHCTMTyTa B TeMeHMe npoweflLUMX neT, BHec cymecTBeHHbm Bicnafl B ero pa3BMTMe (K 

co>KaneHMK), MHOHIX M3 HMX y>Ke HeT cpeflu Hac). 3TO r.B.CaMCOHOB, B.H.EpeMeHKo, 
M.M.OeflopHeHKO, A.H.nwnaHKeBMM, B.H.KnuMeHKO, Jl.O.KonecHMMeHKO, J1.A.no3HHK, 
B.P.BpaHMeBMH, r.B.McaxaHOB, B.M.KoBnaK, A.M.PaMMeHKO, M.fl.CMHaBCKan, r.r.CepfliOK, 
A.B.riaycTOBCKMM. 

B HHCTMTyie paöcrranM TaKMe BbiflaramiMeca yMeHbie, KaK r.B.CaMCOHOB - 
cpM3MKo-XMMMMecKoe MaTepManoBefleHMe TyronnaBKMx coeflMHeHMii; M.M.OeAopneHKo - 
MaTepwanoBefleHMe nopoujKOBbix MaTepManoB M nopoiuKOBbie TexHonorMM; 
B.H.EpeMeHKo - cpM3HK0-XMMMn HeopraHMnecKMx MaTepManoB; r.C.riMcapeHKO (OAMH M3 
ocHOBaTeneii UriM, B flaribHeMLueM Ha ocHOBe OTflena HHIM opraHM30Ban HHCTMTyT 
npoöneM npoMHOCTM HAH YKpaMHbi) - npo6iieMbi npoMHOCTM MaTepwanoB; M.n.Ap6y30B - 
CTpyicrypHbie wccneflOBaHMn MaTepManoB; A.H.nwnflHKeBWM - pa3pa6oTKa coBpeMeHHbix 
MeTOflOB CTpyiaypHoro aHariM3a MaTepManoB, B T.M. CBepxTBepflbix KepaMMK; 
C.r.TpecBflTCKMM - MaTepManoBefleHMe OKCMflHbix MaTepnanoB; T.A.BMHorpaflOB - 
nepeflOBan TexHonoran  npoKaTKM  nopoiuKOB;   M.fl.PaflOMbicenbCKMM  - pa3pa6oTKa  M 
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peajiM3ai4Hfl HOBbix MaiepnanoB M TexHonorwPi nopowKOBOM MeTan/iyprun B 

npoMbiujJieHHOCTM; n.C.KucribM M T.fl.KoconanoBa - cpM3MKO-xnMWfl M TexHonornfl 
TyronnaBKMx coeflWHeHMii; fl.M.KapnuHoc - pa3pa6oTKa n BHeflpeHne HOBNX 

KOMno3ni4woHHbix MaTepManoB. 
Cemac B 1/lHCTMTyTe TpyflMTca TBopMecKww KonneKTMB, B cociaBe KOToporo 

2 aKaflewiMKa, 8 nneHOB-KoppecnoHfleHTOB HAH YKpanHbi, 69 ßOKTopoB M OKO/IO 

300 KaHflUflaTOB HayK. LLInpoKO M3BecTHbi B Mupe HayMHbie Tpyflbi aKTMBHO pa6oTaioinnx 
ceroflHfl yneHbix - M.fl.rnwHHyK (cpa30Bbie npeBpameHun B cemeToaneKTpiiKax, 
paflnocneKTpocKonun TBepßoro xena, Teopufi HeynopaflOMeHHbix cemeTosneKTpuKOB), 
r.r.rHecwHa (MCcneflOBaHMH ninpoKoro K/iacca KepaMMHecKnx MaTepnanoB, pa3pa6cm<a 
M3HOCO- M yflapocTOMKnx MaTepManoB Ha MX ocHOBe), A.r.KocTopHOBa (nccneflOBaHMfl 
cTpyicrypbi M CBOMCTB MaTepManoB, M3roTOBneHHbix MeTOflaMM nopoLUKOBoPi MeTanyprnn, 
C03flaHne nopoiuKOBbix w BonoKOHHbix MaTepnanoB lunpoKoro Ha3HaMeHMfi), 
A.B.KypflfOMOBa (cipyiaypHbie nccneflOBaHun lunpoKoro K/iacca MaTepManoB, co3flaHwe 
MaiepnanoB Ha ocHOBe cpa3 BbicoKoro flaBJienufi), lO.B.MnnbMaHa (pa3pa6oTKn B 

o6nacTM Teopnn TepMoaKTMBamioHHbix npoLjeccoB flecpopiviaMMM, MaTepuanoBefleHnn 
TyronnaBKMx MeTannoB, cnnaBOB Ha ocHOBe anioMMHMfl, aiwopcpHbix v\ 
KBa3MKpwcTanjiMMecKMX MaTepnanoB), KD.B.HaMflnna (wccneflOBaHna B o6nac™ 
KannnrmpHbix ABneHnPi, aflre3nn n CMaHMBaHwa, cpusuKO-xuMUHecKne ocHOBbi C03flaHMfl 
KOMno3Mi4HOHHbix MaTepManoB, pa3pa6oTKa TexHonornw naiiKM pa3HopoflHbix 
MaTepi/ianoB), JlA.rio3HflKa (nccneflOBaHMfl B o6nacTM MeTanypniMecKMX npoueccoB, 
pa3pa6oTKH BbicoKonpoMHbix M nHCTpyMeHTanbHbix craned), K.fl.ToBCTOKa 
(nccneflOBaHMfl npoqeccoB MHTepKanflL|Mn nonynpoBOflHMKOBbix MaTepManoB, 
pa3pa6oTKH MaiepnanoB flna HOBbix BbicoKoacpcpeKTUBHux MCTOMHMKOB TOKa M 

BbicoKoewiKOCTHbix KOHfleHcaTopoß), C.A.OupcTOBa (M3yMeHne rpaHMMHO ynpoMHeHHbix 
MaTepnanoB v\ MaTepwanoB c BbicoKotö yßenbHOM npoMHOCTbio M wecTKOCTbK), 
CTpyioypHbiM ana/ins MaTepManoB n MHKpoMexaHM3MOB n/iacTMHHOCTH M pa3pyiueHMfl). 

Bnaroflapa pa6oTaM yneHbix 1/lHCTMTyra co3flaHbi BceMnpHO M3BecTHbie HayMHbie 
LUKOJlbl, KOTOpbie nJlOflOTBOpHO paSBWBaiOTCfl. 

Cpeflw Hanöonee Ba>KHbix paöoT, BbinonHeHHbix B 1/lHCTMTyre, Heo6xoflHMO 
OTMeTMTb pa3pa6oTKy TeopeTunecKnx OCHOB npoLjeccoB nopouiKOBOM MeTannypraM M 

C03flaHne nopoiiJKOBbix M KOMno3HMHOHHbix wiaTepnanoB pa3Horo Ha3HaHeHna. Ba>KHoe 
3HaMeHne niviefOT cpM3MKO-xMMHHecKne MccneflOBaHMfl B3anMOAewcTBHfi >KMAKMX cpa3 c 
TBepflbIMM   nOBepXHOCTflMM,   KanMJlJiapHblX   CBOMCTB   M   KOHTaKTHblX   flBJieHUM,   Cpa30BblX 
paBHOBecMM M TepMOflMHaMMKM MeTannMMecKMX cnnaBOB v\ TyronnaBKMx coeflMHenMM; 
pa3pa6oTaHHa?i B MHCTMTyTe TeopMfl nnacTMMecKOM flecpopMaMMM M pa3pynieHM?i 
TyronnaBKMx  MaTepManoB  no3BonneT CBH3aTb  wiexaHMMecKMe CBOMCTBa  c peanbHOM 
KpMCTannMHeCKOM     CTpyKTypOM.     B     MMpe     XOpOUlO     M3B6CTHbl     pa60Tbl     COTpyflHMKOB 
HHCTMTyTa no MaTepManoBefleHMto nopoiuKOBbix MeTannoB, cnnaBOB, nceBflocnnaBOB, 
MHTepivieTannMAOB, TyronnaBKMx coeflMHeHMM, cnoMCTbix CTpyKTyp, wiaTepManos Ha 
ocHOBe ymepofla, BKDpMMTonoflOÖHoro HMTpMfia 6opa. 

Flo 3aKa33M HapoflHoro xo3PiMCTBa co3Aanb! MaTepwanb! flna HOBOM TOXHMKM - 
KOHCTpyKUMOHHbie (xaponpoHHbie M >KapocTOMKMe), aneKTpoTexHMMecKMe, (KOHTaKTHbie M 

aneKTpoflHbie), flnn TOHKO- Ta ToncTonneHOHHOM sneKTpoHMKM, MHCTpyMeHTanbHbie (B T.H. 

yflapocTOMKMM CBepxTBepflbiM reKcaHMT-P), nopMCTbie npoHMqaeivibie MeTannMnecKMe, 
KepaMMMecKMe M nonMMepHbie MaTepManbi M3 nopoujKOB M BonoKOH A-n^ cpMnbTpauMM M 

KanMnnapHoro TpaHcnopTa, nonynpoBOflHMKOBbie MaTepManbi Ana Mcnonb30BaHMn B 

BblCOKOeMKOCTHblX        HaKOnMTen^X        3HeprMM,        CpOTO-        M        TepMosneKTpMMecKMx 

vii 
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npeo6pa30BaTejifix coimeHHoii aHeprnn; pa3pa6oiaHbi TexHonornn w oöopyflOBaHne AJIH 

3neKTpoapo3noHHoro ynpoMHeHun fleianeM n MHCTpyMeHTa, pa3pa6oiaHbi 
TexHOJiorwHecKMe cxeMbi ropaMeGi o6pa6oTKH noponiKOBbix MaTepnanoB M nonyneHne 
SKOHOMHO-jiernpoBaHHbix cTaneii c ncnonb30BaHneM nopouiKOBoii npoBonoKM M 

MHoroe APyroe. 
Hapafly c aicrnBHOM HaynHoii flefuenbHOCTbio MHCTMTyT Ha npoTfDKeHww Bcero 

nepnofla CBoero cyiiiecTBOBaHun npoBOflun HHTeHCMBHyjo HayHHO-opraHM3ai4MOHHyio M 

KoopflMHaMnoHHyK) pa6oTy. B TeneHne 6onee 10 nei MHCTMTyT 6bin ronoBHoii 
opraHM3aL4neM B CCCP, KOTopaa KOopflUHnpoBana HayMHyio M HayMHO-TexHunecicyK) 
AeflTenbHOCTb B o6nac™ nopouiKOBOM MeTannypraw. MM 6binn MHULinnpoBaHbi 
npaBMTexibCTBeHHbie nocTaHOBneHun, KOTopbie B 3HaMMTenbHofi Mepe cnocoöcTBOBann 
pa3BMTMio HayKn M npoMbiuineHHOCTM nopoiiJKOBOM MeTajinypruM B YKpauHe M B flpyrwx 
pecny6nnKax CCCP. flrm ynyHiueHMn KoopflUHaLinn pa6oT B STOW oönacTn M ycKopeHMfl 
pea^n3aL|MM HayMHbix pa3pa6oTOK B npoMbiuineHHOom Ha 6a3e HF1M 6bin co3flaH 
wie>KOTpacneBOM HayMHO-TexHMHecKMii KOMnneKC (MHTK) "nopowKOBaa MeTa/inyprun", 
Hflpo KOToporo cocTaBMiin coöcTBeHHO MHCTMTyT, ero ocoöoe KOHCTpyicropcKoe 6iopo, 
MHCpOpMai4HOHHO-BblHMCnMTenbHblM   LieHTp   M   OnblTHOe   npOM3BOflCTBO.   B  fleflTeribHOCTH 
MHTK npuHMMann ynacTue OKOJIO 20 KpynHbix MHCTMTVTOB, npoeicmbix opraHM3aMww n 
npeflnpuflTnti CCCP. B 1990 rofly B MHTK "nopouiKOBaa MeTanriyprun" pa6oTan 
KonneKTUB M3 4500 MenoBeK, ycunun KOToporo 6binn HanpaBneHbi Ha pa3BMTne 
cpyHflaMeHTanbHbix MaTepwanoBeflMecKnx nccneflOBaHnii n BHeflpeHne HOBbix 
MaTepnanoB n TexHonornw B nepeflOBbie o6nacTn HapoflHoro xo3aiicTBa - npeun3MOHHoe 
MaiuMHOCTpoeHne, aneicrpoHMKy, aHepreTMKy, aBnai4MOHHyK) M KOCMunecKyio TexHMKy, 
Ha3ewiHbiM TpaHcnopT w flp. MHoro pa6oT MHCTMTyT BbinonHnn no BoeHHbiM 3aKa3aM, Mewi 
cnoco6cTBOBan yKpenneHMio o6opoHocnoco6HocTM cipaHbi. flocTuweHMfl HHCTHTyTa 
3acny>KnriM BWCOKMX npaBHTeribCTBeHHbix OTJIIIMIIM. 

M.H.OpaHueBMM, B.M.TpecpunoB, fl.M.KapnuHoc, KD.Jl.riminnoBCKMii M Jl.A.rio3HflK 
c coTpyflHMKaMM 6binn OTMeneHbi TocyflapcTBeHHbiMH npewinnMH CCCP M YCCP. 

TocyflapcTBeHHbie npewinw YCCP n YKpanHbi 6binn npncy>KfleHbi TaioKe TaKMM 
BeflyniMM yneHbiM MHCTmyTa, KaK B.B.CKopoxofl, A.H.rinrmHKeBMM, r.B.CaivicoHOB, 
B.H.EpeMeHKO, M.M.OeflopHeHKO, M.fl.PaflOMbicenbCKMM, KO.B.HaiiAMM, 
M.C.KoBaribMeHKO, KO.B.MnnbMaH, A.r.KocTopHOB, M.fl.rrmHMyK, K.fl.ToBcnoK, 
A.B.riaycTOBCKUM, M.B.rpuflHeBa, M.A.JlaBpwHeHKO, r.M.JlyKaiueHKO, T.fl.KoconanoBa, 
B.fl.KoBaniOK, B.fl.rieTpoBCKMii, B.B.riaHMMKMHa, Jl.H.TyribMMHCKMM, r.B.ilaiiiKapeB, 
r.r.rHecnH, B.X.KaflbipoB, B.r.TKaMeHKO, T.B.fly6oBMK, Jl.A.flBopnHa, r.r.KapioK, 
B.H.BynaHOB, B.M.KpnneK, B.H.KnuMeHKO, A.C.Bonrap M flp. 

Mnorne coTpyflHUKM MHCTmyTa yflocToeHbi 3BaHnn naypeaTOB npeMMM MMeHu 
Bbiflaioiiinxcn yneHbix. 

1/lHCTHTyT 6biri Harpa>KfleH OpfleHOM TpyflOBoro KpacHoro 3HaMeHH, HeoAHOKpaTHO 
3aBoeBbiBan nepexoflfliyee KpacHoe 3HaMfl L|K KnCC, CoBeTa MMHMCTPOB, BL4CnC M I4K 
BJ1KCM, HTO B 80-x roflax B CCCP 6bino oflHOM M3 Haw6onee ripec™>KHbix oqeHOK 
flenTeribHOCTM opraHM3ai4nii. 

B 3TM >Ke roflbi MHCTMTyT B03maBnn flBa HanpaBneHun KowinneKCHoPi nporpaMMbi 
HayHHO-TexHimecKoro coTpyflHunecTBa CTpaH-MneHOB CoBeTa SKOHOMnnecKoii 
B3anMonoMOimi (Kn HTn C3B) - 'TlopoiuKOBafi MeTannyprun" M "TexHMHecKan 
KepaMMKa". Bbinn pa3pa6oTaHbi w ycneoiHo BbinonHnnwcb nnaHbi no STMM HanpaBneHnnwi 
nporpaMMbi, ynacTHMKaMU KOTopbix 6binw 6onee 60 opraHM3ai4nti M3 8 CTpaH. 

K  co>KajieHMK),   ceroflHn   MHCTMTyT  nepe>KMBaeT  He  nymiiMe   CBOM   BpeMeHa: 

viii 
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HeflocTaTOMHoe cJDHHaHCwpoBaHne nccneflOBaHMii, npaKTwnecKH no/iHoe OTcyTCTBue 
3aKa30B OT npoMbiiujieHHOCTM, ycTapeBLiiee HayMHoe v\ TexHonornnecKoe oöopyflOBaHne, 
OTTOK HayMHbix KaflpoB, oTcyTCTBue nocTynneHMM B 6n6nnoTeKM HayMHbix MOHorpacpuPi M 

nepMOflMHeCKMX    M3flaHW/1,    OTCyTCTBMe    CpeflCTB    Ha    HayHHbie    KOMaHflHpOBKH,    HH3Kafl 
3apa6oTHayi nnaia, nnoxne ycnoBHfi 6bua M Tpyaa yneHbix- Bee STO He cnocoöcTByeT 
pa3BMTMKD MX TBOpMeCKOM aKTHBHOCTM. TeM He MeHee COTpyflHMKM MHCTMTyTa HCnOJlb3yK)T 
Bee BO3MO>KHOCTM flnfl nonyHeHfia cpeflCTB flfifl npoBefleHMfi MccneflOBaHMM. CpeflM HMX 

ynacTue B BbinormeHwn KOHKypcHbix paöoT no npi/iopmeTHOMy Ana YKpawHbi 
HanpaBJieHnio "HoBbie BemecTBa M MaTepwanbi", no TeiviaTW<e, KOTopan noAaepwuBae-rca 
HaqnoHanbHbiM cpoHflOM cpyHflaivieHTanbHbix nccneflOBaHUM, no eBponewcKUM 
nporpaMMaM INTAS, INCO COPERNICUS, nporpaMMaM NATO , CRDF, rpaHTawiw 
HayMHo-TexHonornwecKoro qeHTpa B YKpauHe n T.n.. B STM HenpocTbie roflbi HHCTMTyT 
CTapaeTca noflflep>KHBaTb CBA3M c MHocTpaHHbiMn yneHbiMw n cneunanncTaMn, 
CMCTeMaTMHecKM npoBOfln Me>KflyHapoflHbie KOHCpepeHqun H ceMUHapw no 
MaTepnanoBeflMecKOM TewiaTHKe. MHoro aHeprnn arm noflflep>KKi4 HayMHbix HanpaBJieHMii 
flenTeiibHOCTM MHCTHTyTa OTflaeT flupeiaop WIM B.B.CKopoxofl M ero 3aMecTMTenn no 
HayMHOM pa6oTe A.r.KocTopHOB, A.B.Paryrifl, C.A.OupcTOB, yneHbiii ceKpeiapb 
B.B.KapTy30B. XOTH H He B TaKOM creneHH, KaK 6bino 6bi wenaTenbHO, B 1/lHCTHTyTe MfleT 
OMono>KeHMe HaynHbix KaflpoB. flpuxoflfiT Ha pa6oiy BbinycKHMKn By30B, KonneKTMB 
nonojiHfleTca acnnpam"aMH. 

fla, HaM cemac TpyflHO. Ho HaM yflanocb coxpaHmb HayHHbie uiKonbi, w nosToiwy 
Mbi CMOTPUM B oyqymee c onTHMW3MOM. Kpoivie Toro, flo6aBnfieT onTHMH3Ma Bepa B TO, 

HTO HayKa B Hauueii CTpaHe CHOBa CTaHeT BOCTpe6oBaHHoii, a npoMbiuineHHOCTM CTaHyT 
HeoßxoflMMbi HOBbie wiaTepnanbi, 6e3 KOTopwx HeB03MO>KHO co3flaBaTb TexHMKy 
oyqymero. 

3TOT TeKCT Mbi HanncaxiM Ha Tpex fi3biKax. H cflenann STO C onpefleneHHbiM 
yMbicnoM. 3TO CMMBOJIMMHO. Haw HHCTmyT BO3HMK M pa3BMBancn B CTpaHe, rfle 
oc|DMMnanbHbiM H3biKOM 6bin pyccKMM, ceiiwac Haiu rocyqapcTBeHHbiii H3biK - yKpawHCKHM. 
Mbi HanncanM TaioKe Ha aHmnPicKOM, noTOMy MTO Mbi ycTpeiwieHbi B MnpoBoe HayMHoe 
coo6mecTBO n HafleeMcn HaiiTM TaM CBoe wiecTO. 

IX 
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IHCTMTVTV npo6neM MaTepiano3HaBCTBa 
iM. I.M.OpaHMeBMMa HAH YicpaTHii - 50 poKiB 

fl.A. JleBiHa, Jl.l. HepHMLiieB 

IcTopm iHCTMTyTy npoöneM MaTepiano3HaBCTBa pi3HOMaHiTHa Ta cicnaflHa.  Ha 
wanb, noKM He npoBefleHa po6oTa 3 Ti  noBHoro onucy, HKWM 6M MJCTMB noBHy Ta 
06'eKTMBHy  OL4JHKy   BCiX  TMX,   XTO  BHJC  BHeCOK flO  CTaHOBJieHHfl   Ta   p03BMTKy   iHCTHTVTy. 
ABTopw Mboro HeBennKoro flonncy, fiKi nponpauioBann B iHCTMTyTi 6inbiiie 3a 35 poKiB, 
HacMinnnncji fla™ CBOG TnyManeHHH tioro TBopnoro wnaxy Ta CBJM nornnfl Ha TMX, MUG 

iM'n Ha3aB>KflM 6yp,e BHeceHe flo Moro nrronMcy. MM qe poöMMO pjva Toro, mo6 ynacHMKM 
HanioT KOHCpepeHi4iT 3MomM 6 yflBMTM TOM wnflx, Lqo npoMiuoB Haw iHCTMTyT. MM 

po3yMieMO, 1140 Mowe icHyBaTM fleKinbKa JHIUMM nomflfl Ha icropifo IHCTMTyTy, po3noflineHi 
iHiiii Haro/iocM Ta BMflineHi iHLui AOMiHaHTM Moro TBopMoro po3BMTKy. MM 3a3flaneriflb 
npocMMO BM6aMeHHfl y TMX, npo Koro MM 3raAanM HeflocTaTHbo a6o 3OBCJM He 3rafla/iM. 
06car Mboro MaTepiany HeBenMKMM i Towiy npo Bcix cKa3aTM npocTO He 6yno Mo>KnMBMM. 
OT>Ke, B flopory. 

B noBOGHHi poKM B iHCTMTVTi MopHOi" MeTanypri'i' AH yPCP fliflB BiAAin Cpi3MK0-XiMi'l 
MeTanypriiiHMx npoueciB, SKMM npoBOAMB po3po6wi MaTepianiB 3 BMCOKMMM noKa3HMKawiM 
WapOCTiMKOCTI, >KapOTpMBKOCTi Ta ep03JMH0'l CTJMKOCTi 3 IJJMpOKMM 3aCTOCyBaHH51M MeTOAlB 
nopoiiiKOBoT MeTanypri'i. B 1952 poqi Ha Moro OCHOBJ 6yna opraHi30BaHa JlaöopaTopin 
cneucnnaBJB, BIA AKOT BeAeTbca POAOBJA IHCTMTyTy. B 1955 p. 1451 Jla6opaTopia 6yna 
peopraHi30BaHa B IHCTMTyT MeTanoKepaMiKM Ta cneqcnnaBiB. 3 1965 p. BJH HOCMTb Ha3By 
IHCTMTyT npo6neM MaTepiano3HaBCTBa. 

OCHOBHMMM    HanpflMaMM    HayKOBOl   A'HJIbHOCTi   IHCTMTyTy   e   p03pOÖKa   HayKOBMX 
3acaA CTBopeHHfi HOBMX MaTepianiB i3 3aAaHMMM BnacTMBOCTnMM Ha 6a3i pe3ynbTaTiB 
cpyHAaMeHTanbHMX AOcniAweHb y rany3ax cpi3MKM TBepAoro Tina, cpi3MMHoro 
MaTepiaji03HaBCTBa, cpi3MHH0"f Ta HeopraHMHoT xiMiT, MexaHiKM AecpopwioBaHoro Tina; 
CMHTe3 HOBMX MeTaneBMX cnnaBiB i TyronnaBKMX cnonyK, HOBMX nopoujKOBMx, 
KOMno3Mi4iMHMx i KepaMMHMx MaTepianiB; po3po6Ka HOBMX i BAOCKOHaneHHH icHyioHMX 
npoMeciß ix BMpoöHMi4TBa i BiAnoßiAHoro ycTaTKyBaHHn; po3po6Ka HMcneHHMx MaTepianiB 
Ana noKpMTTJB Ta npoueciB 3'eAHaHHfi MaTepianiB, B TOMy HMcni 3 Tennocpi3MHHMMM Ta 
XJMiHHMMM BnaCTMBOCTflMM, liJO 3HaMHO BJApi3HflK)TbCfl OAHJ BJA APyrMX. 

OAHMM 3 3acHOBHMKiB Ta nepiUMM AnpeiaopoM IHCTMTyTy (AO 1973 p.) 6yB 
aKaAeMiK AH YKpa'iHM IßaH MMKMTOBMM OpaHueBMM (1905-1985 pp.) - BJAOMMM BHCHMM B 

rany3i cpi3MHH0i Ta HeopraHNHoT xiMiT, nopowKOBOi MeTanypri'i Ta TBepAoro Tina, nioAMHa 
BMAaTHMX 3Ai6HOCTeM, BenMKOi epyAMUiT Ta iiJMpoKoro Kpyro3opy, öaraTo 3PO6MBLUMM nna 
CTaHOBneHHfi IHCTMTyTy HK KpynHoro MaTepiano3HaBHoro ueHTpy. flifl KepiBHMUTBOM 
I.M. OpaHqeBMHa 6ynw CTBopeHi Ta 3anpoßaA>KeHi y WMTTA MMcneHHi KOMno3Mi4iMHi 
MaTepianM Ha OCHOBJ HOPHMX i KonbopoBMx MeTaniB Ta TyronnaBKMX cnonyK, CTBopeHi 
HayKOBi niACTaBM AJIH po3po6KM yAapocTiMKMX Ta HaATBepAMX KOMno3Mi4iM, po3po6neHi 
MeTOAM eneKTpo3axMCTy BJA Kopo3i"i MaricTpanbHMX ra3onpoBOAiß. y 1961 p. 3a 
iHiqiaTMBOK) I.M. OpaHLjeBMHa 3acHOBaHO HayKOBMM >KypHan "flopoiUKOBa MeTanyprm", 
OAMH 3 HeöaraTbOx yKpamcbKMX HayKOBMX >KypHaniB, AKMM nepeioiaAaeTbCfl Ha aHrniMCbicy 
i KopMCTyeTbCfi BenMKOK) nonynapHicTK) 3a KOPAOHOM. 3a BMCOKJ AoenmeHHfl 
I.M. «DpaHueBMHy 6yna npMcyA>KeHi flepwaBHi npeMi'i CPCP i yKpa'i'HM Ta npMCBoeHe 
HaMBMLL|e 3a TMX HaCJB 3BaHHfl TepOfl COMianiCTMMHO'l npaqi. HMHi IHCTMTyT HOCMTb 
MOrO JM'fl. 
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3 1973 Ha npoTO3i 28 poKiB flupeicropoM iHCTMTyiy 6yB aKafleMiK HAH YKpa'iHM Ta 
PAH BiKTop iBaHOBMH TpecpinoB (1930-2001 pp.)- BiH e OAHMM 3 aBTopiß po3po6KH 
cpi3MMHMX OCHOB Teopi'i MiijHOCTi Ta nnacTMHHOcri TyronnaBKMX MaTepianiB, Teopi'i 
flecpopwiauiiiHoro 3MiuHeHH5i Ta pytfHVBaHHfl noniKpucTaniHHux MeTaneBwx MaTepianiB. 
Bnepwe B MaTepiano3HaBCTBi B.I. TpecpinoB 3 KoneraMM po3po6nnn OCHOBM TexHonoriT 
Bnpo6HML(TBa TaK 3BaHOi "B'fl3KO'i" KepaMiKw Ta anMa3onofli6HMx KepaiviiK. B.I. TpecpinoB - 
flBiMi naypeaT flepwaBHo'i npeMi'i YKpaiHu. BiH 6yB iHiuiaTopowi cTBopeHHJi Ta KepiBHUKOM 
HMcneHHMX HaqioHaribHux Ta MiwHapoflHMX nporpawi, cnpaMOBaHMX Ha 3a6e3neHeHHH 
HOBiTHboT TexHiKM cynacHMMM MaTepianaMM 3 Heo6xiflHHMM eKcnjiyaTauiiiHMMM 
xapaKTepucTMKaMH. 

3 2001 poKy iHCTMTyTOM Kepye aKafleiviiK HAH YKpai'HM Banepifi BonoflMMnpoBUM 
CKopoxofl, Hun fliflJibHicTb npMCBfweHa po3po6L4i HayKOBMx OCHOB npoMeciB nopoujKOBoT 
MeTanypriT, Teopi'i' cpi3MKO-MexaHMHMX BnacTMBOcreM MaTepianiB, L140 BuroTOBnioioTbCfl 
cniKaHHAM nopoiiiKiB, B 3B'H3Ky 3 Tx cTpyicrypoK) Ta TexHonorieio BnpoöneHHfl. HUM 

cTBopeHa CTpora KinbKicHa Teopia npoMeciB flecpopiviyBaHHfl nopowKOBMX MaTepianiB npn 
cniKaHHi, rapanoMy npecyßaHHi Ta o6po6i4i TMCKOM, ma fl03Bonae 3fliMCHioBaTM iH>KeHepHi 
po3paxyHKM TexHonoriHHux pe>KMMiB, Heo6xiflHwx flna flocflmeHHA 3aflaHoT rycTHHM Ta 
cTpyicrypM MaTepiany, CTBopem MeTOflM po3paxyHKiB eneicrponpoBiflHOCTi, MOflyniB 
npy>KHOCTi, njBMflKOCTi noLuwpeHHfl ynbTpa3ByKOBMX XBunb B reTepocpa3Hnx MaTepianax; 
eKcnepuMeHTanbHo flocnifl>KeHi Ta TeopeTMHHO o6rpyHTOBaHi pi3HOMaHiTHi cpi3MK0-xiMiMHi 
MeTOflw aKTMByBaHHfl Ta im-eHCMcpiKauiT npoMeciB BiflHOBneHHA OKCMfliB MeTaniB 3 MeTOio 
oflepwaHHH BwcoKOflMcnepcHwx nopoLUKiB. BiH e mMaTopoM Ta BUKOHaBqeM poöiT, 
cnpfiMOBaHMx Ha cTBopeHHH HOBMX KepaMNHnx MaTepianiB, 30KpeMa KepaMiKM Ha OCHOBJ 

iHTepMeTanifliB, HaHOCTpyicrypHo'i KepaMiKM Ha OCHOBJ HhpMfly Ta TMTaHaTy 6opy. 
B.B. CKopoxofl e OAHMM 3 npoßiflHux cneuiianicTiB B rany3i flocnifl>KeHb Ta po3po6KM 
cpyHKMioHanbHux MaTepianiB, B T.H. riflpuflHux Ta 3 naM'flrno cpopMM 

MM BBa>KaeMO 3a flOuinbHe 3raflaTH TUX, XTO Ha npoTH3i MMHynux poKiB BHJC 

3HaMHMM BHecoK B po3BMTOK iHCTMTyTy, nepe6yßaioHM Ha KepiBHux nocaflax. Me 
r.B. CaMCOHOB, B.H. GpeMeHKO, I.M. OeflopMeHKO, O.M. nin^HKeBUM, B.M. KnuMeHKO, 
Jl.cb. KonecHiMeHKO, Jl.O. no3HHK, B.P. BpaHqeBMH, r.B. IcaxaHOB, B.I. KoBnaK, 
O.I. PaMMeHKO, M.A- CnHSBCbKa, r.l~. CepfliOK, O.B. riaycTOBCbKHM. 

B iHCTMTyTi npauiOBann TaKi BM3HaHHi BMem, AK r.B. CaMCOHOB - cpi3MKO-xiMiHHe 
MaTepiano3HaBCTBO TyronnaBKMX cnonyK; I.M. OeflopMeHKO - noponiKOBi MaTepiann Ta 
nopouJKOBi TexHonoriT; B.H. GpeMeHKO - cpi3MKO-xiMNHi OCHOBM MaTepiano3HaBCTBa; 
r.C. riMcapeHKO (oflMH 3 3acHOBHMKiB IflM, flKMM B noflanbLUOMy Ha 6a3i ßiflfliny II1M 
opraHi3yBaB iHCTMTyT npo6neM MiMHOori HAH YKpa'iHM) - npo6neMM MJUHOCTJ; 

M.n. Ap6y30B - CTpyicrypHi flocniflweHH* MaTepianiB; O.M. ninaHKeBMH - po3po6Ka 
MeTOfliB CTpyicrypHoro aHani3y flnn flocniflweHHfi MaTepianiB, 30KpeMa, HaflTBepflMX 
KepaMiK; C.V. TpecBflTCbKMM - po3po6Ka Ta BnpoBaflweHHA OKCMAHMX MaTepianiB;. 
r.A. BMHorpaflOB - nepeflOBi TexHonoriT npoKaTyBaHHH nopoiuKiB; l.fl. PaflOMMcenbCbKMM - 
CTBopeHHfl Ta BnpoBafl>KeHHfl MaTepianiB Ta TexHonoriM nopoujKOBoT MeTanypriT B 

npoMMcnoBicTb; n.C. KMcnMM Ta T.fl. KoconanoBa - cpi3MKO-xiMm Ta TexHonorm 
TyronnaBKMX cnonyK; A-M. KapniHoc - po3po6KM Ta BnpoBaflweHHa HOBMX KOMno3MMiMHMX 
MaTepianiB. 

Tenep B IHCTMTyTi npauioe TBOPHMM KoneKTMB, flo CKnafly flKoro BxoflflTb 
2aKafleMiKM, 8 MneHiß-KopecnoHfleHTiB HAH YKpai'HM, 70 flOKTopiß Ta 6ina 
300 KaHflMflaTiB HayK. UJMPOKO BiflOMi HayKOBi poöoTM aKTMBHO npamoioMMx cboroflHi 
BneHMx - M.fl. TnMHHyK (cpa30Bi nepeTBopeHHfi B cemeToeneKTpMKax, pafliocneicTpocKonifi 
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TBepfloro Tina, Teopia HeynopaflKOBaHwx cemeToeneiopiiKiB), T.r. l~HeciHa (flocniflweHHH 
ujupoKoro Knacy KepaMHHiix MaTepianiB, po3po6Ka 3HOCO- Ta ynapooriMKHX MaTepianiB Ha 
Tx OCHOBI), AT. KodopHOBa (flocnifl>KeHHfl CTpyioypii Ta BnacTMBOCTetf nopoiuKOBiix 
MaTepianiB, cTBopeHHn nopoujKOBHx i BonoKHOBMX MaTepianiB wwpoKoro npn3HaHeHHfl), 
O.B. KypflK»MOBa (crpyicrypHi flocniflweHHfl lunpoKoro Knacy MaTepianiB, CTBopeHHn 
MaTepianiB Ha OCHOBJ cpa3 BucoKoro TiiCKy), KD.B. MinbMaHa (po3poÖKn B rany3i TeopiT 
TepMoaKTMBauitiHMx npoqeciB flecpopMauiT, MaTepiano3HaBCTBa TyronnaBKnx MeTaniB, 
cnnaBiB Ha OCHOBJ aniOMiHiio, aMopcpHnx Ta KBa3MKpncTaniMHwx MaTepianiB), 
fO.B. HatiflMHa (flocniflweHHfl B rany3i KaninapHnx HBHLU, aflre3iT, 3MOHyBaHHH, cpi3HKO- 
xiMiMHi OCHOBM CTBopeHHn KOMno3MLtiiiHMX MaTepianiB, po3poÖKa TexHonoriT nanHHfi 
pi3HopiflHnx MaTepianiB); Jl.O. no3HHKa (flocniflweHHH B rany3i MeTanypriMHux npoqeciB, 
po3po6Ka BMcoKOMJMHux Ta JHCTpyMeHTanbHux cTaneii), K.fl. ToBcnoKa (flocniflweHHa 
npoueciB iHTepKanaui'i HaniBnpoBiflHUKOBHx MaTepianiB, po3po6Ka MaTepianiB Ana 
BMCOKoecpeKTMBHMx flwepen CTpyMy Ta BUCOKOCMHHX KOHfleHcaTopiß); CO. QipcTOBa 
(BMBMeHHfl rpaHMMHO 3MJLiHeHHx MaTepianiB Ta MaTepianiB 3 BHCOKOIO nuTOMOK) MJUHJCTHD 

Ta >KopcTKicTK), orpyicrypHwii aHani3 MaTepianiB i MiKpoMexaHi3MiB nnacTMHHOCTi Ta 
pywHyBaHHfl). 

3aBflflKM po6oTaM BneHnx iHCTWTyTy CTBopeHi BcecBiTHbo BiflOMi HayKOBi uiKonw, 
SKI nniflHO po3BHBaiOTbCfl. 

Cepefl Haiiöinbiii Ba>KnMBMx po6iT, BMKOHaHnx B iHCTHTyTi, cnifl Bifl3HannTM 
po3po6Ky TeopeTMHHUx ocHOB npoL4eciB nopowKOBoT MeTanypri'i Ta CTBopeHHH 
noponiKOBMX i KOMno3nqiMHnx MaTepianiB pi3Horo npn3HaHeHHn. Ba>xnnBe 3HaMeHHfi 
MaioTb cpi3HK0-xiMiHHi flOcnifl>KeHHfl B3aeMOfliT piflKnx cpa3 3 TBepflMMH noBepxHAMn, 
KaninnpHnx BnacTHBOoreii Ta KOHTaKTHHX ABMLUI, cpa30Bnx piBHOBar Ta TepMOflUHaMiKM 
MeTaneBwx cnnaBiB i TyronnaBKMX cnonyK; po3po6neHa B IHCTHTyTi Teopm nnacTUHHOi 
flecpopMaLtii Ta pyfiHyBaHHH TyronnaBKMX MaTepianiB, HKa fl03Bonae noB'fl3a™ MexaHiHHi 
BnacTMBOCTi 3 peanbHOK) KpucTaniHHOK) orpyicrypoio, flocniflweHHfi 3 XIMNHOT 

TepMOflMHaMJKM. B cBiTi flo6pe BiflOMi poöoTM B rany3i MaTepiano3HaBCTBa nopoiUKOBHx 
MeTaniB, cnnaBiB, nceBflocnnaßiB, iHTepMeTanifliB, TyronnaBKux cnonyK, cno'i'CTux 
CTpyicryp, MaTepianiB Ha OCHOBJ Byrneqio, BK>pqnTonofli6Horo Hhpiifly 6opy. 

Ha 3aMOBneHHH HapoflHoro rocnoflapcTBa CTBopeHi MaTepiann flnn HOBOT TexHiKM - 
KOHCTpyKLiiiiHi (wapoMiLjHi Ta wapocTiiiKi), eneicrpoTexHinHi, (KOHTaKTHi Ta eneiapoflHi), 
flnn TOHKO- Ta TOBCTonniBKOBoT eneiapoHiKM, , iHcrpyMem-anbHi (B T.H. yflapocTiiiKnw 
HaflTBepflnii reKcaHiT-P), HaniBnpoBiflHMKOBi MaTepiann flnn BHKopwcTaHHH y 
BUCOKOCMHUX HaKonwHyBanax enepriT, cpoTO- i TepMoeneicrpuMHux nepeTBoptOBanax 
coHAMHoT eHepriT; po3po6neHi TexHonoriT Ta yoraTKyBaHHfl flnn eneKTpoepo3iMHoro 
3Mii4HeHHfl fleTaneii Ta iHCTpyMeHTy; po3po6neHi TexHonoriHHi cxeMn rapaMO'i o6po6KH 
noponiKOBMX MaTepianiB i OTpuMaHHn eKOHOMHO-neroBaHnx cranefi 3 3acTocyBaHHHM 
nopoujKOBoro flpoTy TOIJMO. 

riopflfl   3   aKTMBHOKO   HayKOBOK)   fliflnbHJCTK)   iHCTHTyT   Ha   npoTA3i   BCboro   CBoro 
icHyBaHHfi npoBOflMB im-eHci/iBHy HayKOBO-opraHi3aqiiiHy Ta KOopflWHaLjiiiHy flmnbHicTb. Ha 
npoTA3i öinbiiie 10 poKiB iHCTMTyT 6yB ronoBHOK) opraHi3ai4ieio, B CPCP, Ta 
KoopfliiHyBana HayKOBy Ta HayKOBo-TexHNHy flianbHicrb B rany3i nopowKOBoT MeTanypri'i. 
HUM JHiuiMOBaHi ypnflOBi nocraHOBn, AKJ 3HanHOK) Mipoio cnpnann po3BMTKy HayKM Ta 
npoMncnoBOCTi nopoiiJKOBoT MeTanypri'i B YKpami i B SaraTbox pecny6niKax. flnn 
noKpamaHHfi KoopflMHauiT po6iT B qiii rany3i Ta nonenueHHa 3anpoBafl>KeHHfl HayKOBnx 
po3po6oK B npoMwcnoBicTb Ha 6a3i KIM 6yB CTBopeHMM Mi>Krany3eBMM HayKOBO-TexHWHUM 
KOMnneKC MHTK "llopoujKOBa MeTanypriq", nflpo nKoro CTBopunn BnacHe iHCTMTyT, tioro 
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Oco6nnBe KOHCTpyKTopcbKO-TexHonorNHe öiopo, iHcpopMai4iMHo-o6HMcnioBanbHMM LjeHTp 
Ta flocjiiflHe BHPO6HHMTBO. V 1990 poLji B MHTK "riopouiKOBa MeTanyprm" npaqiOBaB 
TBopHMM KoneKTMB 3 4500 oci6, 3ycnnji5q fiKoro 6ynw cnpflMOBam Ha PO3BMTOK 

cpyHflaMeHTanbHMX MaTepiano3HaBMMX ßoc/iißweHb Ta 3anpoBafl>KeHHn HOBMX MaTepianiB 
Ta TexHonoriii B nepeflOBi rany3i HapoflHoro rocnoflapcTBa - npeMiofiHe 
ManiMHOÖyAyBaHHfl, eneicrpoHiKy, eHepreTWKy, aBiaqiiiHy Ta KOCMiHHy TexHiKy, Ha3eMHHM 
TpaHcnopT Ta iH. BaraTO po6iT iHCTMTyT BMKOHyBaB Ha BiiicbKOBi saMOBneHHfl, HUM cnpwfiB 
3MiuHeHHK) o6opoH03flaTHOCTi KpaiHM. flocameHHa KoneKTMBy Ta Moro HneHiB 3acny>KMnM 
BUCOKMX ypflflOBMX BJA3HaK. 

I.M. OpaHLieBMM, B.I. TpecpinoB, fl.M. KapniHOC, KD.J1. nminnoBCbKMM OAepxrajw 
flepxaBHi npewiii CPCP. 

flepwaBHi npeMi'i YPCP Ta Yicpami/i oflep>Kajin TaKO>K TaKi npoBiflHi BHem iHCTmyry, 
AK B.B. CKopoxofl, O.M. ninflHKeBMM, T.B. CaMCOHOB, B.H. GpeivieHKO, I.M. OeflopMeHKO, 
l.fl. PaflOMUcenbCbKMM, K).B. HawflUM, M.C. KoBaiibMeHKO, Jl.O. no3HHK, KO.B. MiJibMaH, 
M.fl. TnnHHyK, AT. KOCTOPHOB, K.fl. TOBCTIOK, O.B. riaycTOBCbKnw, I.B. TpuflHeBa, 
I.O. JlaBpuHeHKO, r.M. JlyKaweHKO, T.R KocoiianoBa, B.fl. KoBaniOK,, B.R rieTpoBCbKUM, 
B.B. naHNKiHa, D.H. TyribHUHCbKiw, HB. JlaiUKapbOB, r.T. THeciH, B.X. KaflnpoB, 
B.r. TKaneHKO, T.B. fly6oBMK, Jl.A. flßopuHa, HI". KapioK, B.M. BynaHOB, B.M. Kpywe«, 
B.M. KnuMeHKO, O.C. Bonrap Ta iH. - BCboro 6irm 50 MonoßiK. BaraTO cnißpo6iTHHKiB 
iHCTMTyTy yflocToeHi 3BaHHH naypeaTiB npeMiii iwieHi BM3HaMHWx BHeHnx. 

IHCTMTVT 6yB HaropoflweHHW OpfleHOM TpyqoBoro HepBOHoro ripanopy, 
6araTopa30BO BuSopioBaB nepexiflHMii MepBOHMM npanop U,K KflPC, PaflM MiHicnpiB 
BUTTIC Ta I4K BflKCM, mo y 80-x poKax B CPCP 6yno OflHieto 3 Haii6mbiu npecTM>KHMX 
OL|iHOK flinjibHOCTi opraHisauiT. 

B   L|i   >K   pOKM    iHCTMTyT   OHOJ1MB   flBa   HanpflMM    KOMnJieKCHOI    HayKOBO-TeXHJMHO'l 
nporpaMU cniBpo6iTHHUTBa Kpam - HneHiB Paflu eKOHOMMHoT B3aeMOflonoMorn 
"nopouuKOBa MeTanyprin" Ta "TexHiHHa KepaMiKa". Bynn po3po6nem i ycniuiHO 
BMKOHyBaiiMCFi nporpawiw 3a MHMVI HanpaiviaMH, ynacHMKaMU AKMX 6ynn Sijibiue 60 
opraHi3ai4iii 3 8 Kpam. 

Ha wanb, cboroflHi IHCTMTyT nepewwBae He Kpami CBO'I nacn: HeflooraTHe 
cpiHaHcyBaHHA flocniflweHb, npaKTMHHO noBHa BiflcyTHicTb 3aMOBneHb Biß npoMMCJioBocri, 
3acTapine HayKOBe i TexHonoriHHe o6na,rmaHHfl, BJATIK HayKOBnx Ka^piB, BiflcyTHicTb 
Haflxofl>KeHb flo 6i6jiioTeK HayKOBWx MOHorpacpifl Ta nepioflWMHMX BMflaHb, BiflcyTHicTb 
KOiiiTiB Ha HayKOBi Biflpnfl>KeHHfl, noraHi yMOBn >KHTTA Ta npaMi BneHnx - Bee uß He cnpnae 
p03BMTKy     IX     TBOpMOl     aKTMBHOCTJ.     CniBpo6iTHMKM     IHCTMTyTy     BMKOpMCTOByKDTb     BCi 
MOKJinBOCTi oflep>KaHHf) KOUJTiB fljifl npoBefleHHfl flocni,q>KeHb. CepeA HMX ynacTb B 

BUKOHaHHi KOHKypCHHX po6JT 3a npiopMTeTHMM flJlfl YKpaTHM HanpflMOM "HOBi peMOBMHM Ta 
MaTepiann", 3a TeMaTMKOK), 1140 niflTpuwiyeTbCfl HauioHajibHUM cpoHflOM 
cpyHflawieHTajibHux AOcnifl>KeHb, 3a eBponeiicbKMMH nporpawiaMM INTAS Ta INCO 
COPERNICUS Ta nporpawiaivin NATO, CRDF, rpaHTaivw HayKOBO-TexHonoriMHoro ueHTpy 
B YKpami (YHTI4), TOLAO. B Mi Henpoori poKM IHCTMTyT HawiaraeTbca niflTpuwiyBaTM 3B'A3KH 

3     JH03eMHMMH      BHeHMMH     Ta     CpaXJBI4?IMM,      CMCTeMaTMHHO     npOBOflflMM      MWHapOflHJ 
KOHcpepeHuiT Ta ceMiHapn 3a MaTepiajio3HaBHOK> TeiwaTHKOK). 

BaraTO BneHnx IHCTMTyTy ora>KyK)TbCfl 3a KopflOHOM Ta BMKOHyiOTb B 3aKopflOHHnx 
opraHi3ai4iflx poöoTW 3a cnlnbHwviM HayKOBO-TexHNHMMM npoeKTaiwu. 

BaraTO eHepriT arm niflTpuMKn HayKOBMX HanpnMiB flinribHOCTi IHCTMTyTy BiAaae 
AnpeKTop HIM B.B. CKopoxofl, Ta woro 3acTynHHKM 3 HayKOBO'f po6oTM AT. KOCTOPHOB, 

A.B. Parynfl, CO. OipcTOB, yneHMM ceKpeTap B.B. KapTy30B. Xona i He B TaKiw Mipi, AK 
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6yno 6 6a>xaHO, B iHCTHTyri tffle OMonoflweHHH HayKOBiix KaflpiB. ripwxoflfiTb Ha po6oiy 
BunycKHMKM By3iB, nonoBHioeTbcn KoneKTMB acnipaHTawin. 

TaK, HaM 3apa3 Ba>KKO. Ane Hawi Bflanocn 36eperrn HayKOBi uiKonii i TOMy win 
flUBMWioca B wiaM6yTHe 3 orrrw\/ii3MOM. Kpiwi Toro, AOflae orm/iMi3My Bipa B Te, ii|0 HayKa B 

HaiuiM «pai'Hi 3HOBy daHe BocTpe6yBaHOK), a npoMwcnoBocTi CTaHyTb noTpiöHi HOBJ 

MaTepiann, 6e3 AKHX HOMOKTMBO cTBopiOBaTH TexHiKy wiaii6yTHboro. 
Ußü TeKCT MH noflaewio TpbOMa MOBawin. I qe CHMBOJINHO. Ham iHCTMTyT BMHUK Ta 

po3BMBaBCH B Kpami, fle ocpiL|iiiHOK) MOBOIO 6yna pociiicbKa, Hapa3i Haiua flepwaBHa MOBa 
- yKpamcbKa. Mn Hanncann TaKow aHmiwcbKOK) nepe3 Te, mo MM Hai-iinem flo CBiTOBoro 
HayKOBoro cniBTOBapucTBa w Maewio Hafliio 3HatiTH TaM CBOG Micue. 
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50th Anniversary of Founding the Frantsevich Institute for Problem of Materials 
Science (IPMS) 

D. Levina, L. Chernyshev 

The history of the IPMS is versatile and complicated. Unfortunately, up to now it has not 
been described comprehensively and the input of persons who promoted the foundation 
and development of IPMS has not been evaluated. The authors of this paper having 
worked at the IPMS more than 35 years made an attempt to express their opinion about 
persons whose names will store the IPMS history. We do this in order to help the 
conference participants to view the path covered by IPMS. We recognize that another 
glance to our history can exist. Another accent can be given, and another dominants in its 
development can be pointed out. We apologize in advance to those whose input was not 
sufficiently pointed or missed. The paper volume is restricted and it is impossible to tell in 
detail about everybody. So, let's go. 

After world war II physica' and chemistry of metallurgical processes division of existed in 
the Institute of ferrous metallurgy of Academy of Science of UkrSSR, which dealt with the 
development of highly heat resistant and erosion resistant materials with making use of 
powder metallurgy techniques. Based on that division, the Laboratory of special alloys was 
founded in 1952, and just from that moment the history has begun. In 1955 the Laboratory 
was transformed into the Institute of Metal Ceramics and Special Alloys of Academy of 
Science of UkrSSR. Starting from 1965 it is named as Institute for Problem of Materials 
Science. 

The main areas of scientific activity of IPMS are following: development of scientific bases 
for designing new materials with specified properties through fundamental researches in 
solid state physics, physical materials science, physical and inorganic chemistry, 
mechanics of deformed body; synthesis of new metal alloys and refractory compounds, 
new powders, composite and ceramic materials; developing new and improving available 
processes of production them as well and corresponding equipment; development of 
various materials for coating and processes for machining and joining of materials. 

Founder and the first Director of IPMS (till 1973) was Academician of Academy of 
Sciences of Ukraine Ivan Nikitovich Frantsevich (1905-1985) - famous scientist in the field 
of physical and inorganic chemistry, powder metallurgy and solid state physics, an 
outstanding broad-minded person of great learning who made much for development of 
the IPMS to a large materials science center, which bears his name from 1985. 

Under leadership of I.N.Frantsevich various composite materials based on ferrous and 
non-ferrous metals and refractory compounds have been designed and introduced in 
industry, scientific principles for development ofimpact-stable and superhard compositions 
have been formulated, the methods of electrical protection of gas pipelines against 
corrosion have been developed. In 1961 I.N.Frantsevich initiated the scientific journal 
«Powder Metallurgy». It is one of few native journals, which is translated in English and is 
known abroad. I.N.Frantsevich was aworded with premiums of USSR and Ukraine and the 
highest in those time title of Hero of Socialist Labour. 

From 1973 an Academician of Ukrainian National Academy of Sciences and Academy of 
Sciences USSR (later of Russia) Victor Ivanovich Trefilov (1930-2001) became the 
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Director of IPMS and he was in this position for 28 years. V.l.Trefilov was one of authors of 
the physical fundamentals for the theory of deformation of strengthening and fracture of 
polycrystalline refractory materials. For the first time in materials science V.l.Trefilov and 
his colleagues had developed the basis of technologies for production of so called «tough» 
ceramics and diamond-like ceramics. V.l.Trefilov was twice awarded with the State 
Premium of Ukraine. He was an outstanding governmental person, member of UkrSSR 
and USSR parliaments, vice-president of AS of UkrSSR. He initiated and managed various 
international and national scientific programs aimed to creating new materials with 
necessary service properties. 

Starting from 2001 the Academician of UNAS Valery Vladimirovich Skorokhod is the 
director of IPMS. He is engaged in development of scientific fundamentals for powder 
metallurgy processes, theory of physical and mechanical properties of powder materials 
produced with sintering with relation to their structure and production processes. He 
created regular quantitative theory of deformation of porous materials upon sintering, hot 
pressing and pressure treatment, which makes it possible to perform technical calculation 
of optimal technological regimes; developed the methods for calculation of electrical 
conductivity, elastic modules, velocity of supersonic waves propagation in heterophase 
materials. He has developed various experimental and theoretic physical and chemical 
methods for activating and intensifying the processes of metal oxides reduction in order to 
obtain highly-disperse metal powder. Recently he initiated and performed the works 
considering the creating new ceramic materials, in particular based on intermetallics, as 
well as nanostructural ceramics based on boron nitride and titanate. V.V.Skorokhod is one 
of the leading specialists in the field of investigation and development of functional 
materials, including hydrides and having the shape-memory ones. 

We consider it to be appropriate to mention those who were involved in the management 
of IPMS and promoted its development (unfortunately many of them deceased): They are 
G.V.Samsonov, V.N.Yeremenko, I.M.Fedorchenko, A.N.Pilyankevich, B.N.KIimenko, 
L.F.Kolesnichenko, LA.Poznyak, V.R.Brantsevich, G.V.Isakhanov, V.I.Kovpak, 
A.I.Raychenko, M.D.Sinyavskaja, G.G.Serdyuk, A.V.Paustovskij. 

Many outstanding scientists worked at the IPMS, such as G.V.Samsonov - 
physicochemical materials science of refractory compounds; I.M.Fedorchenko - materials 
science of powders and powder metallurgy technologies; V.N.Yeremenko - 
physicochemistry of inorganic materials; G.V.Pisarenko (one of founder of IPMS; later 
organized the Institute for strength problems of UNAS on the base of IPMS division) - 
problems of materials strength; M.P.Arbuzov - investigation of materials structure; 
A.N.Pilyankevich - development of contemporary methods of analysis of materials 
structure, including superhard ceramics; S.G.Tresvyatskij - materials science of oxides; 
G.A.Vinogradov - advanced technology for powder rolling; I.D.Radomysel'skij - 
development and realization new materials and powder metallurgy technologies in 
industry; P.S.KisIyi and T.Ja.Kosolapova - physicochemistry and technologies of 
refractory compounds; D.M.Karpinos -development and application of new composite 
materials. 

To-day a creative staff works in IPMS comprising 2 academicians and 8 correspondence- 
member of UNAS, 70 doctors of science and about 300 candidates of science. Known 
worldwide are scientific achievements of present working scientists: M.D.GIynchuk - 
phase   transformations   in   ferroetoelectrics,   radiospectroscopy   of  solids,   theory   of 
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unordered ferroelectrics; G.G.Gnesin - investigation of various ceramic materials, 
development of wear-resistant and impact-stable materials based on those ceramics; 
A.G.Kostornov - theoretical and experimental study of structure and properties of 
materials obtained by the powder metallurgy methods, development of powder and fibrous 
materials of wide application; A.V.Kurdyumov - study of structure of superhard and 
ceramic materials, development of materials based on the high-pressure phases; 
Yu.V.Mil'man - theory of thermoactivated deformation processes, materials science of 
refractory metals, alloys based on aluminum, amorphous and quasicrystalline materials; 
Yu.V.Naidich - capillary fenomena, adhesion and wettability, physicochemical base for 
designing composite materials, technology for brazing different materials; LA.Poznyak - 
study of metallurgical processes, development of strength and tool steels; K.D.Tovstyuk - 
intercalation processes in semiconductive materials; S.A.Firstov - study the strengthened 
materials and those with high specific strength and stiffness, structure analysis of materials 
and micromechanisms of plastisity and fracture. 

Owing to the works of the scientists of IPMS there have been created worldwide known 
scientific schools, which have developed fruitfully. 

Among the most important works carried out in IPMS the development of theoretical basis 
for powder metallurgy processes and designing powder metallurgy and composite 
mateerials of various application should be pointed out. Greatly important are 
physicochemical studies of reaction of liquid phases with solid surfaces, capillary 
properties and contact fenomena, phase equilibria and thermodynamics of metal alloys 
and refractory compounds. The theory of plastic deformation and fracture of refractory 
materials, which was developed in IPMS, makes it possible to relate mechanical properties 
to real crystal structure. The works of scientists of IPMS in the field of materials science of 
powder metals, alloys, pseudoalloys, intermetallics, refractory compounds, layered 
structures, carbon- based materials, wurzite-like bboron nitride are well known worldwide. 

For the need of economics the materials for new technics have been designed: structural 
heat resistant, electrotechnical (contact and electrod), for thin-film and sick-film electronics, 
tool (including impact-resistant superhard hexanite-R), porous permable metal, ceramic 
polymeric materials from powder and fibers for filtration and capillar transportation, 
semiconductive materials for high-capacity accumulators of energy, photoelectrical and 
thermoelectrical transformers of solar energy; the technologies and equipment for 
electroerosion of strengthening of parts and tools, as well as technological schemes for hot 
processing powder materials and production of low-alloyed steels with the usage of 
powder wire and many others have been developed and designed. 

Along with scientific activity the IPMS an intensive scientific-organizing and coordination 
works were carrying out during all the period of the Institute's existence. For more than 
10 years the IPMS was leading institution in the former USSR, which coordinated scientific 
and scientific-technical activity in the field of powder metallurgy. The IPMS initiated 
governmental resolutions, which to a great extent promoted the development of science 
and industry of powder metallurgy in Ukraine and other Republics of the USSR. In order to 
improve coordination of works in that field and accelerate realization of scientific 
development in industry, the interdepartmental scientific-technical complex «Powder 
Metallurgy» comprising IPMS, its Special Design Bureau, Information-Computational 
Center and experimental production plant. About 20 large institutes, design organizations 
and enterprises of the USSR took part in activity of this complex. In 1990 the staff of 
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«Powder metallurgy»complex amounted to 4500 employees whose activity was directed to 
the development of fundamental materials-scientific researches and introduction of new 
materials and technologies in leading branches of native economics - precise machine- 
building, electronics, energetics, aviation and space technics, transport etc. Many works 
have been performed by military orders thus promoting defense potential of state. 

The achievement of IPMS won many governmental awards. I.N.Frantsevich, V.l.Trefilov, 
D.M.Karpinos, Yu.LPilipovskij and L.A.Poznyak were awarded the State premiums of 
USSR. 

State premium of UkrSSR and Ukraine were awarded such leading scientists, as 
V.V.Skorokhod, A.N.Pilyankevich, G.V.Samsonov, V.N.Yeremenko, I.M.Fedorchenko, 
I.D.Radomysel'skij, Yu.V.Naidich, M.S.Koval'chenko, L.A.Poznyak, Yu.V.Mil'man, 
A.G.Kostornov, M.D.GIynchuk, K.D.Tovstyuk, A.V.Paustovskij, I.V.Gridneva, 
I.A.Lavrinenko, G.M. Lukashenko, T.Ya.Kosolapova, V.D.Kovalyuk, V.Ya.Petrovskij, 
V.V.Panichkina, L.N.Tul'chynskij, G.V.Lashkaryov, G.G.Gnesin, V.Kh.Kadyrov, 
V.G.Tkachenko, T.V.Doubovik, L.A.Dvorina, G.G.Karyuk, V.N.Bulanov, V.M.Kryachek, 
V.N.KIimenko, A.S.Bolgar and etc - approximately 50 scientsts. 

Many specialists of IPMS were awarded the premiums named in honor of outstanding 
scientists. 

The IPMS was rewarded the Order of Labor Red Banner, many times won the prize The 
Red Banner of the Central Committee of CPSU, the Council of Ministers, the Ail-Union 
Central Council of Trade Unions, and Leninist Young Communist League of the USSR, 
which was in the former USSR one of the most prestige assessment of organization 
activity. 

In 1980 the IPMS headed two scientific-technical programs of Complex Program of 
Cooperation between Countries-members of Council of Economical Mutual Assistance 
(former Socialist European Countries) -«Powder Metallurgy» and «Advanced Ceramics». 
The plans were drawn and fulfilled concerning these programs in which more than 
60 organizations from 8 countries participated. 

Unfortunately, to-day the IPMS experiences are not in their best times: insufficient 
financing of researches, almost full absence of orders from industries, the scientific and 
technological equipment became obsolete, many scientists left Institute, lack of scientific 
monographs and journals in library, as well as funds for scientific trips - all this does not 
promote increase of creative activity of IPMS' scientists. Nevertheless, our scientists use 
all opportunities to get funding for researches. One should mention the participation in 
program «New Substances and Materials», which is one of high priorities for Ukraine; 
various programs supported by State Fund for Fundamental Research; European 
programs INTAS, INCO COPERNICUS, programs NATO, CRDF, SCTU etc. 

To-day the IPMS trays to hold up the links with foreign scientists and specialists by 
regularly holding international conferences and seminars on materials science topics. 
Much energy apply Director of IPMS V.V.Skorokhod, deputy-directors S.A.Firstov, 
A.G.Kostornov, A.V.Ragulya, scientific Secretary V.V.Kartuzov for support scientific 
activity of Institute. Now young specialists graduated institutes and universities come to 
IPMS. 
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We recognize that to-day it is hard to work. But we preserved scientific schools and thus 
we look in future with optimism. We trust that our society will get better, the science be 
necessary for our state, and the industries will require new materials, without which it is 
impossible to create the technics for future. 

We have written this text in three languages. We did it intentedly. Our Institute was 
founded and developed in the country, where official language was Russian. At present 
our official language is Ukrainian. We wrote also in English because we are striving for 
world scientific community and hoping tofind there our place. 
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DESIGNING AND ENGINEERING OF NANOPHASE MATERIALS 
STRUCTURE AS A METHOD OF OPERATING BY THEIR PROPERTIES: 

ACHIEVEMENTS AND PROBLEMS 

Skorokhod V.V. 
Frantsevich Institute for Problem of Materials Science, Ukraine National Academy of Sciences, 

Kiev, Ukraine 

In late decades of 20th century the nanostructured 
materials have found their application in 
contemporary high technologies as fundamentally 
new class of functional materials with specific, 
sometimes unique useful properties, as well their 
unusual combinations. Nanophase materials (or 
nanocomposites) form a very important group of 
nanostructured materials which are characterized 
by heterogeneous structure. This structure is 
formed by phases with mean linear dimensions of 
structural elements less than 100 nm, which do 
virtually not interact each other. It is actual and 
complicated problem to apply the methods of 
structure designing and engineering to these 
materials which have been developed in the 
second half of 20th century and are successively 
used for laminated and reinforced 
macrocomposites. We dwell on the general 
description of metal, ceramic-metal, and ceramic 
nanocomposites. Both grains of predominant 
phase (matrix) and second phase inclusions should 
be considered as structural elements in these 
systems. With respect to the nature of chemical 
bonding, both above phases could be not only 
metal (metals, alloys, intermetallics, metal-like 
refractory compounds), but also non-metal 
(oxides, halkohenides, covalent nitrides and 
carbides). 

Therefore, the regarded composites can be by both 
dielectrics (semi-conductors) and conductors from 
the viewpoint of their electrical properties, 
depending on the volume fraction of conductive 
phase in composite. As to mechanical properties, 
the metal nanophase composites have the most 
often limited plasticity while ceramic-metal have 
very low plasticity with sufficiently high fracture 
toughness. Finally, the ceramic composite in a 
whole is, as a rule, brittle material and the 
parameters of its fracture toughness can 
considerably depend on properties and 
morphology of the second phase inclusions. 

The designing of composites structure, including 
nanophase ones, has to be carried out taking into 
account the technological processes in which the 

structure engineering is performed. Four main 
groups of technological processes for 
manufacturing bulk nanocomposites should be 
pointed out: 
a) mechanical mixing of initial nanodisperse 

powders followed by consolidation (pressing 
and controlled sintering, hot pressing, 
sintering under high pressure etc.); 

b) preliminary synthesis of composite 
nanostructured powders of nanophase 
particles by mechanical-chemical, 
plasmochemical, colloidal-chemical and other 
methods followed by hot pressure treatment; 

c) reactive sintering of heterophase nanodisperse 
system, which is accompanied by 
considerable change in phase composition of 
system; 

d) synthesis of complex compounds and 
subsequent decomposition of them in 
selective chemical reactions (oxidation, 
reduction, formation of hydrides, carbides, 
nitrides etc.) with formation of nanodispersed 
mixtures and sintering of them. 

Obviously the above mentioned typical schemes 
for technological processes for preparation 
nanocomposites can be divided into two groups, 
one of which corresponds to principle of joining 
particular phases into composites, and another to 
separation of initially monophase system into 
two or more phases. The principal qualitative 
characteristics of nanocomposite structure are 
linear dimensions (size distribution) of grains, 
morphology and linear dimensions of inclusions, 
extent of coherency between them. To those can 
be related also the degree of perfection grain and 
interphase boundaries, which is dependent on 
their effective thickness, and also the purity and 
fractal dimension. Just those parameters which 
greatly depend on the choice and optimization of 
technology for composite production, determine 
the extent of occurrence of so-called dimensional 
effect which has to be accounted in designing on 
optimal nanophase structure. However, the 
properties of nanocomposite are determined by 
not only the properties of particular phases (taking 
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into consideration the dimensional effect) and 
volume content of them, but also the geometric 
parameters of hetcrophasc structure of a system as 
a whole. The most typical classes of heterophase 
structures are matrix and statistic (stochastic) 
ones. These differs first of all by topological 
characteristics, i.e., degree of connection of 
structural elements. The classification of 
nanocomposites by the geometry of structural 
elements, and also proper choice of microstructure 
integral parameters favor the structure designing. 
Here it have to be taken into account that the 
equations which put the basis for such designing 
and describe the dependence of effective physical 
properties (conductivity, permeability) of 
macrocompositcs on volume content of phases 
and parameters governing microstructure type 
must be essentially corrected upon transition to 
nanophase systems. 

If phases in a composite differ considerably in 
their properties (for example, conductivity, 
dielectrical permeability or hardness), the 
differences in system properties even within one 
structure type (for instance, matrix) with the same 
volume content of phases, can be large depending 
on form factor of inclusions. These differences 
become especially large when comparing systems 
with matrix and statistical structure. The structure 
of real composites most often is intermediate 
between matrix (i.e., ordered in a some way) and 
statistical ones. To determine effective properties 
of such systems it is necessary to know a number 
of complementary special parameters of 
heterophase structure - the extent of matricity or 
stochasticity and the characterietic of coherency 
(contiguity) for phases, and for nanophase 
systems also the relative portion of "boundary" 
phase. In stochastic structures with some critical 

difference in phase properties (conductivity, 
permeability, hardness) the percolation and fractal 
effects become of importance. In such systems the 
complementary parameters of geometrical 
structure appear, in particular the percolation 
threshold and fractal dimension for each phase. 

From these positions it is discussed the 
nanostructured functional composites of 
"paramagnct-fcrromagnet", "conductor- 
dielectric", "conductor-superconductor" types, and 
the degree of influence of directed change in 
technological factors (correlation between sizes of 
phase particles, wetting angle for refractory phase 
by melt, texture in packing of non-equiaxial 
particles etc.) on the critical macrostructure 
parameters, their stability and the nature of change 
in principal property (permeability, conductivity) 
near percolation threshold is analyzed. It can be 
claimed that effective methods for designing and 
engineering microstructure have been developed 
for this class of nanophase composites. The 
forecasting of mechanical properties of 
nanocomposites (hardness, strength, fracture 
toughness, plasticity) and designing in general 
case the structure which corresponds to optimum 
combination of those properties is more 
complicated and unresolved up new problem. 
However, there is information that the methods 
based on optimization heterophase structure have 
been successively applied to increase strength and 
fracture toughness of matrix nanocomposites 
"plastic phasc-highly-hard nondcformable phase". 
In conclusion, the prospects are discussed for 
wide use of designing and engineering the 
structure of nanophase materials aimed to 
purposeful application them in various branches 
of techniques and technology. 
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ELECTRON BEAM TECHNOLOGY OF INORGANIC MATERIALS 
DEPOSITION FROM THE VAPOUR PHASE IN VACUUM (EB-PVD) - 

STATE OF THE ART 

Movchan B. 
International Center for Electron Beam Technologies of the E.O.Paton Electric Welding Institute of 

the NAS of Ukraine. Kiev, Ukraine 

The 30ties of the XXth century marked the start 
of application of electron beam heating for 
material evaporation in vacuum and deposition of 
thin films, i.e. the start of electron beam 
technology of physical deposition of the vapour 
phase in vacuum (EB-PVD). 

The processes of evaporation (atomisation) and 
subsequent condensation of various substances 
form a unique technological package, allowing 
development of advanced materials. Materials, 
being in the vapour phase, «do not know» the 
laws of solubility. Therefore, simultaneously 
evaporating several materials, mixing their 
vapour flows and then condensing them on a 
substrate, allows producing such structures that 
are very difficult or impossible to implement by 
other methods. 

In mid-60ties equipment for high-rate evaporation 
of materials in vacuum was developed on the base 
of powerful electron beam guns, and systematic 
studies of the structure and properties of thick 
condensates of 1 to 2 mm thickness were begun 
[1]. Experimental data accumulated so far 
confirm the ability to produce from the vapour 
phase advanced inorganic materials with the 
specified structure and properties: amorphous and 
nanocrystalline materials with a non-equilibrium 
structure, including diamondlike carbon-based 
phases: dispersion-strengthened, microlaminate, 
microporous and functionally-graded materials, 
based on metals, alloys and ceramics. Synthesis 
of intermetallics, refractory compounds and 
quasi-crystals on the condensation surface is also 
possible [2-6]. 
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The efficiency of the modern electron beam 
evaporators, consisting of 3 to 4 sources 
(crucibles), is 10 - 15 kg of vapour per hour. The 
achieved average rates of metals and alloys are 
equal to 50 to 100 um/min. 

Characteristically, the processes of evaporation 
and condensation allow combining material 
synthesis in deposition on a substrate with other 
technological requirements. For instance, 
depositing the vapour flow onto a surface of a 
specified configuration, it is possible to shape the 
condensed material as required. Controlling the 
condensate adhesion to the substrate allows 
achieving a good physical contact (adhesion) on 
the interface, or, contrarily, creating the 
conditions for separation of the produced material 
from the substrate. 

Condensed materials can be obtained in the form 
of relatively thin (10 - 150 pm) coatings on 
finished items, for instance, gas turbine blades; 
thick (1-2 mm) structural coatings, having the 
function of a load-carrying structural element; 
semi-finished products (foil, strip, sheet); blanks 
and items of a complex shape (for instance, 
bodies of revolution); billets of 100 to 200 kg 
weight for subsequent thermoplastic treatment 
and shaping them as required [5,6]. 

It should be also noted that the processes of 
evaporation and condensation, implemented in 
vacuum (10"3 - 10"2 Pa) are perfect in terms of 
ecology, as they practically eliminate harmful 
evolutions into the environment. 

Aviation, microelectronics, power engineering 
and   instrument-   making,   chemical   and   tool 

industry, medicine are the current and future users 
of these materials and coatings. 

The International Center for Electron Beam 
Technologies of the E.O.Paton Electric Welding 
Institute conducts systematic studies and 
development in the field of EB-PVD. The Center 
has designed and is manufacturing laboratory, 
pilot production and commercial EB-PVD units. 
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STRUCTURAL LEVELS OF PLASTIC DEFORMATION AND FRACTURE 
OF SOLIDS 

Panin V.E. 
Institute of Strength Physics and Materials Science, SB, RAS, Tomsk, Russia 

A conventional description of the relationships 
governing the plastic deformation and fracture of 
solids is based on two approaches: 

a) Continuum mechanics (macroscale level); 
b) Dislocation theory (microscale level). 

The continuum mechanics and physics of plas- 
ticity and strength using the dislocation theory 
make use of the force-model methodology, Fig. 1. 
It is generally agreed that the yield strength and 
work hardening of the material above the yield 
point should be calculated to describe the stress- 
strain relation. However, the plastic deformation 
and fracture of a solid under load are due to its 
shear-stability loss in local regions of stress 
concentrators of different scales. These processes 
are inherently relaxational in character and give 
rise to quite another scheme of plastic deformation 
represented in Fig. 2. 

High-nonequilibrium states of the crystal lattice 
occur in stress-concentrator regions. The lattice no 
longer obeys Hooke's law. It undergoes a local 
structural transformation, and its motion towards 
equilibrium occurs as a synergetic process. The 
methodology of describing plastic deformation and 
fracture must be built upon synergetic laws [1]. 
This idea was first formulated in [2]. In the last 
two decades the Institute of Strength Physics and 
Materials Science of Siberian Branch of the Rus- 
sian Academy of Sciences has been developing a 
new approach based on the concept of the struc- 
tural levels of deformation and fracture of solids. 

////strain hardening  /// 

yield stress 

strain 

Fig. 1. A conventional approach to describe 
the stress-strain curve in the force-model 

methodology 

Qualitatively new propositions are put forward 
within this concept [2-5]: 

1. Shears found in a solid under load are due to 
the local shear-stability loss suffered by the mate- 
rial medium and may occur at the micro-, meso-, 
and macrolevels as a local change in the original 
internal structure, Fig. 3. 

a) Microlevel: the local structural transforma- 
tion of the original crystal lattice at the microlevel 
shows itself as nucleation of dislocation cores and 
their motion in a stress-gradient field. 

b) Mesolevel: the local stability loss suffered by 
the internal structure occurs both at the micro- and 
mesoscale levels; this effect shows up as meso- 
scale localized-deformation bands propagating 
within individual conglomerates of internal- 
structure elements whose self-organization causes 
fragmentation of a strained specimen at the 
mesolevel. 

c) Macrolevel: a loaded solid as an entity suf- 
fers a global shear-stability loss, which is evident 
as the formation of one macroband or two parallel 
(in the dipole form) or conjugate macrobands 
propagating across the testpiece; this process ends 
with the specimen being broken down into two 
parts. 

2. Shears at any scale level may occur only in 
local regions of stress concentrators of the scale 
involved, since the structure of a loaded solid, on 
the whole, retains its shear stability when acted 
upon by mean applied stresses. 

Oo2 

strain 

Fig. 2. Stress-strain curve within 
the methodology of local shear-stability 

loss at different structural levels 
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Fig. 3. Schematic of scale levels of shear 
stability loss in deformed solid. 

3. The lowest shear stability in a loaded solid is 
found within its free surface. Because of this, the 
primary elastoplastic shears originate within sur- 
face layers and spread along the direction of 
maximum tangential stresses. The primary stress 
concentrator is the grip of a testing machine (or an 
external load point). The secondary stress concen- 
trators caused by elastoplastic shears in the surface 
layers of the material undergo relaxation due to 
generation of strain-induced defects of varying 
scale. The latter penetrate into the bulk of the 
specimen giving rise to its plastic flow and frac- 
ture. 

4. Shear of a continuous medium with a con- 
strained material rotation would generate a bend- 
ing-torsion zone. This creates another stress con- 
centrator. 

5. Being a relaxational process in a finite elas- 
toplastic medium, shear generates damped elastic 
(acoustic emission) and elastoplastic (damped ine- 
lastic oscillations of adjacent shears) self- 
oscillations. 

6. Plastic deformation is developed according to 
the following steps: primary stress concentrator, 
relaxation shear with a constrained rotation respon- 
sible for the formation of a local bendine-torsion 

zone, relaxational shear with self-excited elastic or 
elastoplastic self-oscillations, etc. The self-excited 
wave process is most conspicuous when it is lo- 
calized at the macroscale level alone. In the gen- 
eral case, it develops at several interacting scale 
levels. 'Ulis accounts for the multiple-scale pattern 
of localized deformations. 

7. Self-organization of shears is related to the 
self-consistency of shear-induced elastoplastic ro- 
tational modes and bending-torsion zones. For a 
given axis of loading, the sum of rotation and 
bending torsion is zero for the hierarchy of shears 
at self-consistent structural levels involved in plas- 
tic deformation. Violation of this condition gives 
rise to cracking as rotational modes of deforma- 
tion. 

8. The global shear-stability loss and fracture 
are observed locally at a macroscale stress con- 
centrator and determined by the mechanics con- 
trolling the development of macroscale bands of 
localized deformation associated with meso- and 
microscalc relaxational processes. 

9. The mechanisms of plastic How, its earners 
and corresponding stages of stress-strain curves 
follow the law of similarity or scale invariance 
principle. 

The concept of the structural levels of deforma- 
tion and fracture of solids has proved to be suc- 
cessful in the cases of high-temperature creep, cy- 
clic loading, friction-couple wear, shock loading, 
surface-hardening and coating deposition tech- 
nologies, design and degradation of thin films and 
multilayer materials for electronics etc. The ap- 
proach under consideration gives rise to establish 
the natural relations between the physics of dislo- 
cation-induced deformation, continuum mechanics 
of solids, and fracture mechanics. 
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SEARCH FOR NOVEL SUPERHARD MATERIALS 

Novikov N.V. 
Institute for Superhard Materials of the Ukrainian National Academy of Sciences, Kiev, Ukraine 

At present diamond and cubic boron nitride are 
the most efficient superhard materials for abrasive 
machining and cutting of a wide spectrum of 
inorganic and organic materials. Their application 
areas can be essentially expanded due to the 
structural composite superhard materials recently 
developed at the ISM. At the same time a search for 
novel superhard materials, which combine high 
hardness and strength, chemical inertness to the 
workpiece materials and relatively low cost, remains 
urgent. On the other hand, an expensive new 
superhard material can also find its niche in the 
market if its unique properties offer better 
performance and the workpiece material cannot 
otherwise be economically machined 

The paper reviews the fundamentally new 
superhard materials developed by the researchers of 
the Institute for Superhard Materials of the National 
Academy of Sciences of Ukraine for the last two 
years and discusses the prospects of producing novel 
superhard materials. 

NEW SUPERHARD PHASE, CUBIC BC2N 

Phase transitions of graphite-like BN-C solid 
solutions (g-BCxN) were studied up to 32 GPa and 
3000 K using a laser heated diamond anvil cell and 
angle-dispersive X-ray diffraction at ESRF 
(Grenoble) [1]. At 25.8 GPa, the heating of g-BC2N 
up to 1600 K is not accompanied by any change in 
the diffraction patterns which exhibit only a broad 
line in the region of 111 reflections of diamond-like 
phases. At higher temperatures, the profile of this 
broad line changes to a rather complicated fine 
structure, and two new weak lines with dhki = 1.26 
and 1.09 Ä (at ambient temperature) also appear. 
Finally, above 2200 K a drastic change in the 
spectrum is observed (Fig. 1, top pattern), which 
clearly points to the formation of a new phase. The 
diffraction pattern of the quenched sample exhibits 
only 111, 220, and 311 lines of the cubic lattice, 
which indicates that the sample is single-phase. 

Laser heating experiments at different pressures 
have shown that the formation of c-BC2N is observed 
only at pressures above 18 GPa. At 14.5 GPa and 
temperatures above 2000 K g-BC2N decomposes to 
form a mixture of cubic boron nitride (cBN) and 
diamond. On further decrease in pressure down to 
11.0 GPa, the thermal decomposition of g-BC2N 
proceeds to form cBN and disordered graphite. 

25.snia   iwiiiK 
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Fig. 1. Laser heating sequence of diffraction 
patterns at several pressures and temperatures. 

The lattice parameter of c-BC2N at ambient 
conditions is a = 3.642+2 Ä, which is larger than 
those of both diamond and cBN. 

The hardness, Young's modulus, fracture 
toughness and structure of this phase have been 
examined using micro- and nanoindentation and 
transmission electron microscopy. The hardness and 
elastic modulus values (E, G) of the c-BC2N are 
intermediate between diamond and cubic boron 
nitride, which makes this phase the hardest known 
solid after diamond (Table 1) [2]. 

Table 1 
Hardness, Young's modulus and fracture toughness 
of superhard cubic phases of the B-C-N system at 
room temperature 

Material       H^ H^ FÜ E K^ 
(GPa (GPa     (GPa     (GPa) (MPa 
 ) ) ) rn12) 

"c-BCN        76(4) 55(2)     75(3)     980(4 4.5(4) 
0) 

Cubic BN     62(3) 44(3)    55(2)    909 3.0(3) 
Diamond      115 63 1141 5 

COMPOUNDS OF THE B-B203-BN AND 
Mg-Al-B SYSTEMS. 
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The electronic structure of a boron atom is 
responsible for special features of this element and its 
properties as well as for its ability to form high- 
hardness compounds. In the last few years the 
compounds of boron with oxygen have attracted 
considerable interest. At the Institute for Superhard 
Materials, the conditions of formation, crystalline 
structure and properties of individual phases in the 
B-B203-BN system have been studied at high 
temperatures and pressures (1300 - 2300 K, 4.0 - 
7.0 GPa). It has been found that the preparation of a 
new superhard phase of the B6OxNy composition with 
hardness HV0,49ii that may be as great as 47 GPa. 

A possibility of obtaining a novel ceramic 
superhard material by hot pressing has been shown 
by the AMES Laboratory (USA). The chemical 
composition of the resultant material approximately 
corresponds to the AlMgB,4 + X formula, where X is 
BN, A1N, Si and some other additives, which greatly 
increase the material hardness [3]. The production 
technology requires specific particle size and quality 
of the initial materials, and for protective medium. 
Sintering time is 60 min [4]. Depending on the 
production conditions and additives, the resultant 
material hardness ranges from 35 to 42 GPa. 

At the Institute for Superhard Materials of the 
National Academy of Sciences of Ukraine, an 
AlMgB)4-based superhard material has been 
developed under high pressures and temperatures. 
The material is characterized by an orthorhombic 
structure and the following crystal lattice parameters: 
a = 5.8368 A, b = 8.1176 A and c = 10.3073 A [4]. 
The use of high-pressure technique has allowed us to 
essentially simplify the technologies of preparation of 
the initial mixture and making the material as well as 
to intensify the synthesis. The optimization of the 
chemical composition and conditions of making has 
ensured stable-in-quality samples of the new 
superhard material. Table 2 compares the hardness of 
the novel material with that of other superhard 
materials. 

Table 2 
Hardness of superhard materials 

Material Hardness, 
(GPa) 

Hv Note 

A1B12 25-26 
AlMgB14 32-35 
AlMgBu + X 35 - 42 hot pressing, 

60 min. 
AlMgB]4 39-43 6.5 GPa. 
(ISM) 1800 K, 5 min. 

Superconductive (SC) properties of MgB2 have 
been revealed in January 2001. The influence of Ta 
addition on critical current density (jc) and 
irreversible field (Hjrr) of high-pressure (HP) 
synthesized and sintered MgB2 has been first studied 
in the ISM. 2-10 wt.% addition of Ta allowed us to 

synthesize nanostructure multiphase MgB2-based 
material (at 2 GPa, 800-900 °C for lh) with highest 
SC characteristics (jc and Hirr) that have been ever 
reported for bulk MgB2. jc in 1 T field were: 
570kA/cm2 at 10 K, 350 kA/cm2 at 20 K and 
40 kA/cm2 at 30 K and in 10 T field - 650 A/cm2 at 
10 K. In synthesis and sintering processes, Ta plays 
the role of an absorbent of impurity gases (H, N, O 
etc.) and forms Ta2H, TaH, TaNai, Ta-0 compounds 
etc., thus promotes the reduction of MgH2 in Mg-B- 
O-matrix phase as well as of the impurity N and O in 
MgB2 single crystals distributed over the matrix. For 
the first time have been estimated the hardness of 
MgB2 single crystals HB= 35.6± 0.9 GPa, that 
occurred to be higher than that of sapphire 
HB=31.1±2.0GPa 

CARBON NITRIDE C3N4 

A material produced by using a Na flux method 
and chemical reaction between sodium azide and 
hexachlorobenzene and having a structure consisting 
of a three-dimensional network of covalently bonded 
C and N atoms is experimentally demonstrated at 
NIMS (Tsukuba) to exist as a single crystalline phase 
at high pressure (7.7 GPa) and temperature (700 °C). 
Experimental lattice constants of the observed 
crystalline phase (a = 6.58±0.05 A and c = 2.49±0.02 
A) arc in good agreement with ab-initio calculations 
for C3N4. The bulk modulus of the hard phase 
produced was estimated to be 460 GPa, which is 
comparable with that of diamond (443 GPa). These 
results open new possibilities for study of real carbon 
nitride properties and comparison with diamond 
properties. 

Thus, there is a good reason to aim the further 
search for superhard materials at both developing 
new compounds in the B-C-N-0 quaternary system 
of light elements and at synthesizing borides of 
magnesium and aluminum as well as silicon, 
phosphorus and sulfur compounds. 
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PRODUCTION TECHNOLOGY HIGH-TEMPERATURE 
CARBON/CARBON-SILICON CARBIDE COMPOSITES 

Kostikov V.l., Chernenko N.M. 
Federal Governmental Unitarity Enterprise "The State Research Institute of Graphite-Based 

Structural Materials" - FGUE "NIIGrafit", 2 Electrodnaya Str., Moscow 111141, Russia; 
E-mail: grafit@aha.ru; Tel./Fax: 7 (095) 176-2988 

A production technology has been developed 
for high-temperature heat-resistant composites 
based on a carbon-silicon carbide matrix 
reinforced with carbon fibers. The process of 
obtaining the composite is realized via a 
successive thermochemical conversion of a 
polymeric coke-forming matrix of a starting 
carbon plastic into a carbon matrix with an 
open porosity of transport type which in its 
turn, is trans-formed into a carbon-silicon 
carbide matrix by capillary impregnation with 
liquid silicon and conversion of carbon into 
silicon carbide. To prevent the interaction 
between the liquid silicon and the reinforcing 
fiber, onto the internal surface of a carbon- 
carbon preform there is applied a silicon 
carbide film, a diffu-sion barrier against 
diffusion of carbon into liquid silicon which 
ensures the selectivity of interaction of liquid 
silicon with carbon-carbon preform 
components through varying their chemical 
reactivity. 

For the bulk infiltration of a carbon matrix of 
the carbon-carbon preform with liquid silicon, 
there are suggested a novel principle and a 
production process based thereon for 
obtaining a carbon matrix the pore structure 
whereof is characterized by prevailing open 
porosity of transport type. And pyrolized is a 
coke-forming matrix (mixture) in the form of 
interpenetrating polymer networks of its 
components, at least, one whereof is gasified 
under carbonization without forming a carbon 
residue and forms in the carbon matrix being 
produced intercommunicating channel pores 
of open type. 

The resulting structural carbon/carbon-silicon 
carbide composite has high 
physicomechanical proper-ties in an oxidizing 
medium up to the temperature of 1700 °C at 
which its high-temperature strength is 1,5 
times as high as the corresponding indices at 
room temperature. 
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METALLIC AEROSPACE MATERIALS WITH EXCEPTIONAL 
STRUCTURAL EFFICIENCY 

Miracle D. B.. Firstov S.(1), Milman Yu.(,) 

Air Force Wright Laboratory, Materials and Manufacturing Directorate, Wright-Patterson AFB, OH USA 
<1) Frantsevich Institute for Problems of Materials Science of NAS of Ukraine, Kiev, Ukraine 

Research and development in the aerospace 
industry has displayed revitalized interest in 
structural metals with high specific strength and 
stiffness. Specific strength and stiffness arc the two 
most pervasive material characteristics in the 
design of aerospace systems, controlling the 
system configuration as well as the size and 
spacing of nearly every structural component. 
Metallic materials with increased specific 
properties can provide performance improvements 
by decreasing system weight through reduced 
component mass and more efficient system design. 
Since system weight often controls the ability to 
achieve advanced aerospace missions (as in 
hypersonic and trans-atmospheric missions), 
structural weight is sometimes an enabling 
consideration. Thus, metallic materials with high 
structural efficiency can provide enabling mission 
capabilities by enabling structural minimization, 
which may be achieved by advanced 
methodologies of systems design and construction. 
Highly unitized construction is one such example 
that has been accomplished with expensive 
graphite/epoxy systems, but has not been widely 
practiced with current metallic materials due to 
their lower specific properties. Metallic materials 
with high specific properties are also enabling for 
the expanding US Air Force emphasis on access 
and utilization of space. In addition to 
improvements in system capabilities, these 
materials will also impact affordability by reducing 
the number of parts, and hence the significant cost 
associated with system assembly. The number of 
parts is reduced by increased component spacing 
and by unitized construction. By adding good 
strength retention at moderate temperature (up to 
200°C. and in some cases up to 300°C) to high 
specific strength in candidate Al-based materials, 
replacement of Ti structures can become feasible, 
with further reductions in system weight and cost. 

Metallic composites offer significant increases in 
specitic stiffness relative to the matrix alloy 
(Figure). Discontinuously reinforced Al (DRA) 
possesses specific stiffness values more than 
double those of conventional Al alloys. Although a 
high    volume   fraction    of   reinforcements   are 

required to achieve these levels of stiffness, more 
modest reinforcement levels still provide an 
increase of up to 50% in stiffness, while retaining 
good ductility and toughness. DRA relies upon 
age-hardenable Al alloys, and the maximum use 
temperature is limited to ~150°C, similar to 
conventional Al alloys. Amorphous and 
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nanocrystalline Al alloys provide significant 
improvement in specific strength, but provide no 
improvement in specific stiffness. DRA is now a 
commercial material with a wide range of 
applications, while amorphous and nanocrystalline 
Al alloys are still in the research and development 
stage. 

Efforts to develop structural materials with specific 
strength and stiffness higher than conventional 
metals and DRA are now being undertaken as a 
joint activity between scientists at the Frantsevich 
Institute for Problems of Materials Science (IPMS) 
and the Materials and Manufacturing Directorate 
of the US Air Force Research Laboratory (AFRL). 
The objectives are to increase the maximum 
operating temperature of Al-based metals from the 
current limit of ~150°C to ~200°C. Approaches 
include the introduction of thermodynamicaHy 
stable, coherent precipitates in Al alloys. Additions 
of Sc produce coherent AhSc particles that range 
in size from 5-25 nm. and are very effective in 
strengthening Al alloys. In addition, Sc is a potent 
grain-refining agent. and also inhibits 
recrystallization. Hypo-eutectic additions of Sc are 
being pursued to provide dramatic improvements 
in strength below 150°C due to the formation of 
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secondary Al3Sc particles, and hyper-eutectic 
levels of Sc are added to provide obtaining fine 
grain polyhedral structure in as cast conditions due 
to primary Al3Sc particles. 

The very effective way to increase the mechanical 
properties of Al alloys is the complex alloying by 
Sc and transition metals (Zr, Ti, Hf, V, Nb etc.). 
The addition of Sc to alloys of Al-Zn-Mg system 
made possible to increase the concentration of Zn 
in these alloys (up to 10%) and to increase strength 
without decreasing plasticity. It was shown that 
these alloys may be welded. 

The increase of the high temperature strength of Al 
alloys was achieved by using the PM technology 
that makes possible to obtain a non-equilibrium 
state of material. The quasicrystalline particle of 
50-100 nm in diameter were introduced to Al 
matrix by this way. These particles are stable up to 
400°C, and Al alloys of such type may used at 
elevated temperatures to 300°C. 

Other approaches to produce improved properties 
in Al-based materials include the exploration and 
characterization of novel Al-based intermetallic 
eutectic alloys. 

This 
sti 

ris way makes possible to increase both specific 
iffens and specific ultimate strength. 

As shown in Figure, discontinuously reinforced Ti 
(DRTi) can provide simultaneous improvement in 
both specific strength and specific stiffness. Only 
limited data is available in the literature for this 
new class of materials. The joint program between 
IPMS and AFRL is focusing on in-situ eutectic Ti- 
based alloys. The Ti-Si and Ti-B systems are both 
being investigated. A deep eutectic reaction in the 
Ti-Si system produces an in-situ microstructure 
containing alpha and/or beta Ti reinforced with Ti- 
silicide phases. A similar eutectic reaction in the 
Ti-B system produces TiB reinforcements in a Ti 
alloy matrix. The eutectic reactions provide the 
possibility of a refined cast microstructure, so that 
subsequent ingot breakdown and 
thermomechanical processing is more easily 
accomplished. Cast, wrought, and powder 
metallurgy approaches are all being pursued on the 
joint IPMS/AFRL collaboration. 

The overall objectives, approaches and results 
from this joint collaboration will be presented and 
discussed. Both Al-based and Ti-based 
technologies will be described. 

The authors would like to acknowledge funding of 
this project from the US Air Force Office of 
Scientific Research, and the assistance of the 
Science and Technology Center of Ukraine. 

Important efforts to establish joining technologies 
are being pursued through collaboration with the 
E.O. Paton Electrowelding Institute. 
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MICRO- AND NANOSTRUCTURED METAL - BASED MATERIALS AND 
THEIR ULTIMATE MECHANICAL PROPERTIES 

Firstov S. 
Frantsevich Institute for Problems of Material Science, NASU, Kyiv, Ukraine 

Up-to-date technologies allow controlling the size 
of structural elements (grains, subgrains, cells, 
blocks, fragments etc.) in a wide range including 
nano-size and transition in amorphous state as a 
limit. In particular it is possible to realize with 
severe plastic deformation or deposition from 
gaseous phase. Strengthening at severe plastic 
deformation may be expressed as 

Ao(e) =K(P(c) 

Where m is Vi orl in dependence on temperature 
of deformation, size of structural elements B and 
their disorientati on. 
At big plastic deformation6 a change of "d" is not 
controlled by Taylor-Polany law and may be 
determined (for e > e0) as 

d(e)=d()/l+a(e-Co), 

Where e0 is deformation that corresponds to 
beginning of linear stage of hardening, d0 is a size 
of deformation cells at e0. 

It has been also demonstrated that the severe 
plastic deformation results not only in the high 
strain hardening of the bcc metals, but also in 
decreasing of the temperature of the brittle-ductile 
transition. This effect is based on the formation of 
the disoriented cell structure (practically 
superfine-grained structure). 

It has been found that the theoretical strength can 
be reached at the d=0,02um assuming that the 
mechanism of plastic deformation remains 
changeless with the cell refining. 

Some specific values of structural elements 
corresponding to changes of mechanisms of 
deformation or hardening may be determined. 
Namely, at sizes d>lum nr=l/2 hardening is 
described by the Hall-Pctch equation. At d< 1 um 
hardening is intensiver at the "d " decrease and 
m=l. 

Obviously, the next critical size must be in area of 
nanosizes ( d< 50 nm). Here the stress when 
dislocation source could be switched on is close to 
theoretical strength at shear. As it was shown in a 
few works, weakening at grain size decrease may 
be noted in the area of sizes named. As the 
possible reason is an increase of volume of "bad" 
material ( volume of interfaces, triple points, etc.) 
as well as transition to intergranular mechanisms 
of deformation and fracture. 

Meanwhile polycomponent materials (consisting 
of two and more kinds of atoms) can be 
strengthened with increase of interface strength. 
For this hardening both difference of atomic sizes 
of basic and alloying elements and possibility of 
introducing of "useful" admixtures creating strong 
interatomic ties with atoms of basic materials are 
recommended. 
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HIGH-STRENGTH ALUMINUM-BASED ALLOYS 

Milman Yu.V. 
I.M.Frantsevych Institute for Problems of Material Science, 

Ukrainian Academy of Sciences, Kiev, Ukraine 

The pure aluminum is the very soft metal with 
hardness 210 MPa and yield stress 10-15 MPa. But 
the modern methods of alloying made possible tö 
increase hardness of Al alloys to 2200 MPa, yield 
stress to 700 MPa and ultimate tensile stress to 800 
MPa. High strength characteristics of these alloys 
are combined with plasticity to fracture 5-15 % 
that is enough for the practical use. This dramatic 
increase of strength has been possible due to very 
high plasticity of pure Al (which has FCC 
structure) and due to fundamental theoretical and 
experimental investigations in the theory of 
alloying and physics of strength and plasticity. 

The alloys of Al-Zn-Mg-Cu system have the 
higher strength characteristics among wrought Al 
alloys. These alloys are the basic structural 
materials for aerospace engineering. Their 
strengthening is due to a very fine precipitation of 
r\ '-phase, which is enriched with Zn and Mg. The 
strength of these alloys increases when the 
concentration of Zn increases. However, an 
increase in the concentration of Zn above 7% 
leads to a dramatic decrease in fracture-related 
properties as well as deterioration of weldability 
and corrosion resistance. It was recently found 
that mechanical properties of these alloys 
containing up to 6-7%Zn can be improved 
considerably by addition of small amounts of Sc 
and Zr [1-3]. 

A diverse effect of alloying with Sc and Zr is 
stipulated by specific properties of the 
Al3(Sci.xZrx) intermetallic phase that forms fine 
coherent precipitates in the Al matrix. These 
coherent particles are very stable upon heating due 
to low solubility and diffusivity of Sc and Zr in the 
Al matrix and low interface energy. Combined 
alloying with Sc and Zr in the amount as low as 
0.2% refines microstructure of casting and welding 
[2], improves workability and deformability of 
castings [3, 4], leads to formation of a very 
uniform and fine cellular dislocation structure in 
wrought products, and impedes recrystallization 
during heat treatment due to the obstacle action of 
the coherent particles. The last two factors 
facilitate an increase in strength and ductility of 
these wrought alloys in T6 or T7 conditions. 

It has been shown that alloying by additions of 
Sc and Zr made possible to increase concentration 
of the main alloying element Zn [5]. 

Figure 1. Image in a transmission electron 
microscope of Al3(Sci_xZrx) particles in as-cast 
Al-6.8Zn-l.3Mg-0.12Zr-0.05Sc (wt.%) alloy 

subjected to the homogenisation at 470°C during 3h: 
a) light-field image, foil plane (110), the forming 

reflection g= [002]; b) dark-field image, foil plane 

(110),g=[001]Al3Sc 

For example, in the alloy Al-12.0Zn-3.3Mg- 
1.2Cu-0.13Zr-0.4Mn-0.49Sc high mechanical 
properties were obtained, i.e. YS = 790 MPa and 
UTS = 820 MPa. This high strength was achieved 
due to additional combined alloying with 
transition metals, such as Sc, Zr, Cr and Mn, 
which retard recrystallization during heat 
treatment and retain cellular dislocation structure 
of deformed material, with a dislocation cell size 
of 1-2 urn. This non-recrystallized structure is 
more ductile, because brittle fracture along grain 
boundaries is not developed. An addition of Sc in 
combination with Zr, Mn and Cr increases the size 
of ri'-particles, leading to an increase in ductility. 
A decrease in strength accompanying this growth 
is compensated and even exceeded by contribution 
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of small Al3(Sci.xZrx) coherent particles to 
hardening. 

The main beneficial effect of alloying with Sc 
in combination with Zr is the possibility of 
increasing the concentration of Zn without loss in 
ductility. An additional alloying with Cr was 
shown to decrease the size of r\'-particles to about 
3 nm, which was not accompanied by a drop in 
ductility. 

It was shown [6] that additions of Sc increase 
the resistance of Al and its high-strength alloys 
against general and pitting corrosion in the sea 
water. 

Al-Zn-Mg-Cu alloys containing Sc may be 
used even at cryogenic temperatures where these 
alloys have good combination of strength and 
ductility [7]. 

The high-strength Al-Zn-Mg-Cu alloys may 
be produced not only by casting, but by PM 
technology as well. The special equipment for 
water atomization of Al alloys by high-pressure 
water (up to 200 kbar) has been elaborated. 
Cooling rate during producing powders by this 
technology may be up to 10(' K/c. The PM 
technology makes possible to increase plasticity of 
high-strength Al-Zn-Mg-Cu alloys without Sc 
additions [8-10]. 

The best Al wrought alloys for elevated 
temperature application were obtained using 
dispersion strengthening by quasicrystalline 
particles 15-50 nm in diameter with volume 
fraction 70-90 % in Al matrix (Fig.2) [11]. 

lOOnm ! 

Figure 2. Quasicrystalline particles in Al^Pe^Cr/H? 
melt-spun ribbon, dark field image 

We have used in our experiments 
quasicrystalline phase Al84.2Fe7Cr63Ti2.5. For the 
alloy of Al-Fe-Cr-Ti system obtained by rapid 
solidification technique with the following 
compacting of powders the strength at 300 °C was 
more than 300 MPa, that corresponds to the air- 
force goal level. The structure and mechanical 
properties of these alloys are stable up to 400 °C. 

Our investigations have shown that 
quasicrystalline phases may be formed in the 
processing of different Al alloys, especially 
containing Sc. 

The high-strength cast alloys with good 
castability and increased mechanical properties 
were elaborated on the base of eutectic 
composition Al-13vol.%Mg2Si with additional 
alloying by transition and rare-earth metals [12, 
13]. 

The development of this direction is the 
elaboration of cast eutectic alloys in the system 
Al-Ti-Cr, containing Ll2 phase. These alloys have 
higher melting point (1275 °C), essential ductility 
in compression tests and high hardness and 
strength up to 800 °C [14]. 
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INFLUENCE OF PYRAMID ENERGY ON STRUCTURE AND PROPERTIES 
OF ALUMINIUM ALLOYS 

Antsiferov V., Ragozin Y.(1), Porozova S., Tichonov A.(I) 

Research Center Powder Materials Science, Perm, Russia 
(I)Penn State Technical University, Russia 

Academician P.Capitsa said "Science relates to 
that is impossible, while the possible is just a tech- 
nology". It is "impossible" this work is devoted to- 
research of pyramid field (energy) influence on a 
structure and properties of aluminium alloys. 

Today number of studies has sharply grown, in 
which the attention is focused on unusual proper- 
ties of pyramids. And though a modem hardware 
fails to determine the characteristics of pyramid 
energy, numerous phenomenal effects on both 
organized matter and abiotic environment were 
discovered. To the last objects are belonging those 
which are undoubtedly to be of interest for special- 
ists. For example, polluted jewelry and coins are 
self-cleaned, the shaving edges become as new 
(this method of sharpening even was patented), the 
common salt crystals of unusual shape grow under 
pyramid, also, colloid solutions are unusually sepa- 
rated, spontaneous charge of condensers occurs, 
the temperature threshold of superconductivity 
changes and so on. Is it astonishing? Yes! But an- 
other is also surprising: this exotics did not become 
commonly accepted, "effect" of pyramid still has 
no trust. Apparently, further in-depth researches 
using modem methods and hardware are required. 
Such investigations started in several research or- 
ganizations, including in Perm. 

In this work the influence of aging conditions 
on microstructure of B 124 cupriferous silumin, 
filtered through various filters, was studied. Aging 
of the hardened alloy was earned out according to 
three-case studies: 1st case - aging for 1 month in 
natural conditions, 2nd case - aging for 1 month in 
conditions of pyramid influence, and 3d case - ag- 
ing for 3 hours at 250 °C. Study of samples micro- 
structure and photosynthesis was conducted with 
Neophot-21 optical microscope. Microradio- 
graphic spectral analysis was performed with 
MAP-2, and X-ray structure analysis with /1POH- 
3M diffractometer in cobalt radiation. The analysis 
of results of the performed research has shown that 
the aging in conditions of pyramid influence is ac- 
companied with: a) sharp decrease of copper con- 
tent in an aluminium solid solution; b) increase of 
dissolved iron and manganese; c) reduction of free 
silicon; d) more coarse microstructure with forma- 
tion of extended lamellar and branched skeletal 

phases, which are composed, according to the data 
of microradiographic spectral analysis, of silicon 
and copper without iron and manganese. 

So deep change of structure when aging in the 
pyramid field should be accompanied with respec- 
tive alteration of mechanical properties. This as- 
sumption was tested by research ofJl\6 aluminium 
alloy - after a hardening it was subjected to a natu- 
ral aging under usual conditions and in. a field of 
pyramid. It was established that "in the first case of 
aging the mechanical characteristics, having 
reached the optimum value (after some time of 
aging), further do not change, while at aging in a 
pyramid field a process occurs similar to a process 
observable at artificial aging. 

Strength properties, having reached a maxi- 
mum at optimum time ofaging-100 hours, further 
essentially decrease (-1.3 times). And the defor- 
mation process of the samples having the maximal 
strength is accompanied with unusual effects: de- 
formation curve has the steps of loading (incre- 
ments) and several yielding teeth. 

From the above data it can be concluded that 
the pyramid field influences in most extent the 
long-time processes, hi this connection, research of 
pyramid energy influence on so-called quasi- 
relaxation processes is of interest, hi the sample 
loaded up to the initial tension, after switching off 
me drive, a spontaneous drop of tension begins. As 
the sample length during the test with rigid ma- 
chines after switching off the drive does not re- 
main constant, this process is named as quasi- 
relaxation. It is supposed that this process is con- 
nected with the change of dynamic dislocation 
density. Quasi-relaxation curve for AK8 alumin- 
ium alloy under usual and pyramid energy condi- 
tions was plotted. Comparative analysis has shown 
that pyramid energy influence on a quasi- 
relaxation process of AK8 alloy is rather essential: 
under pyramid field just in several hours the re- 
laxation limit is achieved which under usual condi- 
tions would require 5000 hours to achieve. 

Summarizing the results of the research, it is 
necessary to note that, apparently, despite of the 
numerous skeptics, we are on a threshold to create 
the new nonconventional alternative technologies 
of materials processing. 
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PRINCIPLES OF ADAPTIVE CONTROL OF ELECTRIC PULSE 
SINTERING 

Belyavin K.E., Sheleg V.K.. Minko D.V., Kuznechik O.O. 

Powder Metallurgy Research Institute, Minsk, Belarus 

The perfecting technologies enabling to 
produce porous powder materials (PPM) with 
improved complex of physical-mechanical and 
hydrodynamic properties is an actual problem for 
powder metallurgy. The method of electric pulse 
sintering (EPS) based on pulse advancing of 
electric current through powder bulk at discharge 
of a high-voltage capacitor bank allows 
simultaneously to sinter and compact powder 
materials different from conventional technologies 
where these operations are separated. The EPS 
method provides high speed of heat exchange in 
contact zones (~106+108 K/s) at small duration 
(-10-4+10-3 s)[l]. 

For obtaining a PPM with a given complex of 
physical-mechanical and hydrodynamic properties 
the adaptive control system is developed which 
enables to transform EPS technological modes 
automatically. 

The supervisory circuit couples feedback 
between performance curve of the EPS 
installation, which is indicated as R on the 
skeleton diagram of control (fig. 1) and parameters 
of powder bulk indicated as OC. It consists of a 
measuring unit and an intellectual module 
allowing to realise the following algorithm of 
activity: 
the measurement unit, due to sensors and device of 
their interrogation, determines initial state of OC; 

1) the measurement unit determines an initial 
state of OC due to sensors and device of their 
interrogation; 

2) the intellectual module, the core thereof is a 
control electronic computer, calculates the 
necessary technological mode for R and represents 
it as defined values of the control voltage (u) to the 
executive unit; 

3) the executive unit transforms values 
obtained from the intellectual module to a 
controlling voltage for actuators R. After that the 
electric pulse discharge of the capacitor bank 
through powder takes place. 

G> 
—"    Control transducer 

Adaptive control system 

fc Measuring unit w 

t 
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t 
Executive unit 

l f 

Fig. 3. Structural scheme of adaptive control 

For a supervisory circuit the technique of the 
control is developed, which includes a method of 
obtaining the information about processes taking 
place in powder bulk, a method of processing the 
latter and a method of selecting performance 
parameters for EPS installation. 

The method of obtaining the information is 
based on the principle of joint measurements [2], 
based on combination of direct and indirect 
measurements and containing problem solving on 
definition: 
- dispersion of a random variable at direct 
measurement taking into account deviation of 
devices transmitting signals; 
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- dispersion of a random variable at indirect 
measurement considering the value of a 
methodical error in the mathematical calculation 
program; 
- the main instrument error of the monitoring 
system, which is the lower threshold of the 
monitoring system sensitivity. 

The method of processing the observed data is 
directed to construction of hardware system on 
recognition of an image of a mathematical model 
of EPS process and includes [3-4]: 
- order of data processing coming from primary 
converters; 
- way of control of the device specifying 
parameters of process; 
- a computational method permitting indirectly 
judge condition OC by results of direct 
measurements. 

When developing algorithm of selecting values 
for the executive unit of the supervisory circuit the 
following was taken into account: 
- the EPS process for the supervisory circuit 
represents analytical relation as some F® 
functional between Y^ vector, compounded 
considering output values of the intellectual OC 
module, and vector xP, compounded considering 
drawn up values obtained from the measurement 
unit [5]. 

By F® selection the EPS peculiarities were 
taken into consideration from which follows[6]: 
- the output parameters of an intellectual module 
describing Y®, change with the lapse of time, i.e. 
yO=yO(t)\ 
- the process of changing input parameters of the 
intellectual module description Xß, is non-liner 
one. 

Technique and supervisory circuit have allowed 
to realise the scheme (fig.2) in which parameters 
of deviation and disturbance are used for EPS 
process control. It has allowed to fulfil the 
following principle of its activity: 

| 
6 R 

—» OC 
y 

—► 

- R through parameters u set environment of effect 
on OC, then values for v and r appear on exits of 
controlling sensors. 

The first of them (y) characterises condition of 
an object and the second (r) - condition of the 
environment affecting it. 

Parameter r is an input value for analytical 
model of M which establishes relation between 
condition of the affecting environment and OC 
condition. This connection is determined by the 
value of response (y ), which is compared with 

it. if. 
setting (y ) parameter. The difference between 

them as 8 deviation goes on an R input and 
depending on its value the regulator changes u 
values. 

Cycle of control continues till c>is equal to zero 
point. 

The developed adaptive control system allows 
to lower considerably discard during production of 
a PPM by EPS method and to reduce costs for 
improvement of technological modes at transition 
from one kind of articles to another. 
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Fig. 2 Scheme of adaptive control 
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BORON-RICH SOLIDS AND THEIR AUSPICIOUS ASPECTS IN 
MATERIAL SCIENCE AND TECHNOLOGY 

Helmut Werheit 
Solid State Physics Laboratory, Gerhard Mercator University, D-47048 Duisburg. Germany 

The boron-rich solids are characterized by 
complex crystal structures containing 
polyhedra like octahedra, icosahedra, 
dodecahedra, and their derivatives together 
with single boron or foreign atoms. 

Their outstanding properties, including in 
general high melting temperatures, 
extraordinary hardnesses, small extension 
coefficients, and high chemical resistivity, 
predestine them for technical application 
under conditions that are hardly accessible for 
most other materials. Moreover, the high 
absorption cross-section for neutron radition 
is important. The large variety of structures 
and their modification by the change of 
chemical composition within specific 
structure groups or within sometimes large 
homogeneity ranges, by forming ternary 
compounds, and by the substitution or 
interstitial accommodation of foreign atoms 
offer a large spectrum for tayloring boron-rich 

solids for specific applications, while the 
general proprtics largely remain unchanged. 

In the same way the structural variety of the 
boron-rich solids offers excellent 
prerequisites for the scientific investigation of 
interrelations between structural and 
electronic properties of solids with complex 
crystal structures. In particular, the generation 
of structural defects immediately con-elated 
with the electronic properties has been 
proved. Accordingly, there are diverse 
possibilities to improve electronic properties 
that are favourable for according technical 
use. 

Actual properties of specific boron-rich solids 
promising future technical applications are for 
example the high Seebeck coefficients of both 
signs (boron carbide, positive; some metal 
hexaborides, negative), high-temperature 
superconductivity (MgB?), nanostructures. 
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THE MOST RECENT INVESTIGATION OF THE PROCESSES OF 
PRODUCTION OF TUNGSTEN AND TUNGSTEN CARBIDE POWDERS 

Bondarenko V.P., Martynova L.M. 
V. Bakul Institute for Superhard Materials of the National Academy of Sciences of Ukraine, 

2, Avtozavodskaya Str., Kiev, Ukraine 

It is known that the properties of tungsten powder 
depend on many factors. Among them are: 
temperature, feed rate of a boat, thickness of the 
oxide layer, the number of stages of the reduction 
process, methods of the W03 preparation for the 
process of reduction, shape and sizes of W03 

compacts, methane content of hydrogen, methods of 
packing the W powder in a boat for carbidization. We 
have studied the effect of a number of new factors on 
the properties of the W powder. 

Through the use of the sieve classification of the 
VVO3 powders we obtained powders of the fractions: 
250/200. 200/160, 160/125, 125/100, 100/80, 80/63, 
63/50, and 50/40 urn, and a fine class - 40 um. The 
content of the first two coarse fractions in the W03 

powder is rather low, i.e. 0.2%. The content of the 
other coarse fractions (160/125-50/40 um) is from 
2.2 to 15.9%, and grains of the fine class (-40 urn) 
constitute 37.5%. Analysis of the grain composition 
of the resulting fractions has shown that the sieve 
classification yields the W03 powders uniform in 
grain size. As to the morphology they are individual 
large-sized particles, aggregates of particles of 
isomorphous and pseudomorphous types, and plates. 

One-stage reduction of coarse fractions of W03 

(160/125 and 125/100 urn) yields the medium- 
grained W powder with dw = 3.5-3.8 urn- The 
reduction of the W03 powder of the 100/80, 80/63, 
63/50, and 50/40 urn fractions allows the W powder 
with dw, respectively, of 6.2, 3.4, 7.7, and 2.8 um to 
be obtained. This powder consists of isometric 
faceted particles, plates, and aggregates. The W03 

powder of the fine class (-40u.m)_yields the high- 
temperature tungsten powder with   dw= 7.5 urn. 

By crushing W03 we managed to produce high- 
temperature W powder with dw = 1.0 um. The 
results we obtained allow the conclusion that there is 
no strict relation between dispersion and morphology 
of starting W03 powders and W powders prepared 
from W03. 

X-ray diffraction analysis of the resulting W powders 
exhibits only slight widening of X-ray lines. The line 
width is (6.3-6.9)xl0~3 rad. This points to a high 

degree of perfection of crystal lattice of 
particles of high-temperature W powder even 
in the case of using W03 crushed to 0.08 um. 

To increase the W03—H2 contact surface and 
to decrease the path of W03 diffusion in the 
powder, we compacted W03 powder to 
prepare variously shaped and sized compacts: 
plates and cylinders. The cylinders were made 
of various masses m (g), diameter d (mm) and 
heighth (mm) (d=12.5, h=20.1, m=9.5; d=15.0, 
h=22.0, m=14.5; d=25.0, h=3.8, m=72.0; 
d=37.5, h=38.0, m=160) and reduced in a GP- 
130 stationaiy electrical furnace with a 
graphite tube at 1200±20 °C for two hours. 
The compacts were spaced 2 mm apart. The 
plates pressed from W03 were of the following 
sizes and weights: 200x32x75 mm, 2000 g; 
200x39x75 mm, 2500 g; 200x42x75 mm, 2700 
g;_200x49x75 mm, 3000 g. The cylinders 
( d=50 mm, h=80 mm, m=600 g) were placed 
in the boat in tens, the plates in twos (each 
weighing 3000 g) and in threes (each weighing 
2000 g ) so that the total weight of the 
compacts in the boat was 6000 g. In all the 
cases the compacts were placed into 
molybdenum boats and the latter were inserted 
into a graphite container. The compacts were 
reduced in a pusher-type electric resistance 
furnace at the boat feed rate = 2 mm/min, IT 
consumption = 2.0 m3/h, dew point of H2 = 
52°C, T = 1200±20 °C. It has been found that 
the W powder properties, all other things being 
equal, depend to a large extent on both the 
value of free specific surface of W03 compacts 
which is in contact with hydrogen (Fsp) and the 
shape of a compact. 

As Fsp increases, so does the specific surface of 
the W powder_(Ssp), while the mean diameter 
of particles ( dw) decreases. For the case of 
reduction of the compacts in the form of large 
plates   this   dependence   is   given   as   Ssp  = 

25.6-F238,   while  in  the   case   of cylinders 

Ssp=5.04-F"8. Also, with increasing Fsp of the 

plates from 0.064 to 0.086 1/mm the value of 
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dvv decreases from 9.2 to 3.6 mm, while with 
increasing Fsp of thecylinders from 0.09 to 0.37 
i/mm the value of   dw decreases from 13.5 to 0.7 
mm . 

In the case of free charging of W03 in a graphite boat 
(weight of a charge = 6000 g, the layer thickness = 45 
mm ) and one-stage reduction at 1200± 20°C, we 
obtained the coarse-grained W powder with dw = 
19.5 urn, for the weight of a charge = 800 g dw = 4 
Um. The powder consists of highly symmetrical 
polyhedrons, large-sized cuboids, isometric particles, 
elongated particles on which the stages of the 
reconstruction of whiskers into rounded form are 
observed. 

X-ray diffraction analysis of the W powders reduced 
from pressed compacts has shown that they have 
perfect crystalline structure as well: the width of X- 
ray line is (6.0-6.3)xl03 rad. 

The relations we obtained have made it possible to 
devise processes for the production of W powders 
which differ in dw and particle-size distribution with 
temperature and holding time being unchanged, i.e. 
unchanging the furnace operating conditions. The 
capacity of an one-muffle furnace was 6-7 kg/h. 

When studying the process of gas carbonization of 
the W powders we have found that some of them 
sinter strongly. This generated a need for additional 
power-intensive operations of crushing and grinding 
of the WC sintered compacts. The use of the Agte 
criteria [1] did not allow a logical explanation of the 
phonemenon. To study the factors which affect the 
sinterability of W powders, the latter were carbidized 
in the loose state following the selected test 
conditions of carbidization: temperature 2000±20°C, 
holding time 2h, methane-hydrogen medium 
containing 2 vol% CH4. 

When carbidizing W powders fabricated in Ukraine, 
Russia, Germany, WC compacts of different 
compression strength (acomp), were obtained (from 1.0 
to 66.0 MPa). At ccomp < 7.0 MPa the WC sintered 
compacts were easily pulverized. At ocomp > 25 MPa 
the sintered compacts have to be crushed. 

The degree of sinterability of W powders was 
investigated as a function of specific surface Ssp 

(m2/g), apparent density p (g/cm3), specific magnetic 
susceptibility % (m3/kg), mass fraction of particles of 
the powder of-40 um class/, and mean particle size 

dm (um) of this class (the division of the W powder 

was perfomed by sieving it on a 40 um mesh 
sieve), adsorpsion potential and content of 
metal impurities in W powders. 

The treatment of experimental results has 
allowed the following equation of regression: 

Ocomp = -35.45+104.7-Ssp + (4.7-4.98 S,) p + 
5.94 108jv + 3.09f-dm, MPa. 

The values of the adsorpsion potential and the 
impurity content have appeared insignificant. 
The regression model is characterized by a 
rather high degree of adequacy: the coefficient 
of determination R2 = 0.995, the sum of 
squares of regression residuals Ao = 0.454 
MPa2 and the Darbin-Watson coefficient DW 
= 2.3 [2]. 

The obtained dependence of ocomp on a set of 
properties of tungsten powders forms the basis 
of the method of an incoming inspection of W 
powders to define the possibility of their use to 
produce slightly sintering compacts of WC 
when carbidzing in a gas medium. 

Thus, numerous studies related to the 
production of W and WC powders have shown 
that the use of only some technological 
procedures (sieving of the starting raw material 
to yield narrow fractions, size reduction, 
pressing compacts of varions shapes and sizes, 
variation of the W03 charge mass, and the use 
of a methane-hydrogen medium of an 
eguilibrium composition) have allowed us to 
devise a number of advanced technologies of 
W and WC production [3]. 
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PHASE TRANSFORMATIONS IN LAYERED STRUCTURES 
UNDER HIGH PRESSURES 

AND CONTROLLED SYNTHESIS OF DIAMOND-LDXE PHASES 

Britun V.F., Kurdyumov A.V. 
Frantsevich Institute for Problems of Materials Science, National Ukrainian Akademy of Sciences, 

Kiev, Ukraine 

The majority of synthesis methods of super hard 
diamond-like phases (DP) are based on transforma- 
tions of graphite-like phases (GP) under high pres- 
sures. These transformations as well as those in 
other substances can occur by two basic different 
mechanisms: diffusion or martensitic. At the so- 
called "catalytic synthesis" of DPs, the diffusion 
mechanism is usually realized while the GP -» DP 
direct transformations can proceed by both mecha- 
nisms (Fig. 1). 

Phase transformations 

"catalytic synthesis" direct transitions 

diffusion 
transformations 

martensitic 
transformations 

puckering 

G->D 
gBN -> cBN 

buckling 

rG->D 
hBN -> wBN 
rBN-> cBN 

rG->L 
hG->L 

rBN^wBN 

Fig. 1. The dependence of the resulting DP on trans- 
formation mechanism. Phase designations: 
G - graphite, D- diamond, L - lonsdaleite, g - 
graphite-like phasees, h and r - hexagonal and rom- 
bohedral modifications, w and c wurtzite and cubic 
BN. 

The objective of the present report is to discuss 
the peculiarities of the direct phase transformations 
in carbon and boron nitride and to analyze the de- 
pendence of the structure of the resulting DPs on 
the transformation mechanism. The peculiarity of 
the GP -» DP transformations is related to their 
high volume effect and to variety of possible 
structural states of carbon and boron nitride. A 
great quantity of investigations the results of which 
are summarized, e.g. in [1], have established that: - 

at high pressures, diamond and cBN are stable dia- 
mond-like phases, while lonsdaleite and wBN are 
metastable diamond-like phases, - metastable DPs 
are formed only by martensitic transformations 
(MT), while stable DPs can be formed by both 
martensitic and diffusion transformations. 

The following experimentally found regulari- 
ties point to the reality of martensitic transforma- 
tions in carbon and boron nitride: 1. Rates of trans- 
formations to form lonsdaleite and wBN are very 
high (under static compression the transformations 
manage to occur in a matter of thousandths of sec- 
ond, while under shock compression in millionths 
of a second). 2. These transformations can proceed 
at temperatures at which diffusion processes are 
impracticable (these transformations have been ex- 
perimentally observed down to room temperature). 
3. Diamond-like phases formed by MT are regu- 
larly oriented with respect to the initial graphite-like 
phases. 4. The degree and the mere possibility of 
the transformations like graptite -> lonsdaleite and 
gBN -> wBN essentially depend on the structure 
perfection of the initial GPs. 5. Martensitic dia- 
mond-like phases have highly imperfect structures 
and the type of defects is directly related to the 
crystallographic mechanisms of MT. 

Figure 2 is a schematic representation of Oasp- 
T diagram of GP -> DP direct transformations by 
different mechanisms [2]. The initial GPs are as- 
sumed to have an ordered structure, as the MT can- 
not occur in turbostratic GP. In this diagram below 
the pm line but above the p0 line only diffusion 
transformations are allowable in terms of thermo- 
dynamics, however they are practically not re- 
corded in the region of low temperatures. Above 
the pm line both diffusion and martensitic transfor- 
mations are allowable. In this case, in low- 
temperature region, virtually only MTs are realized, 
while at rather high temperatures martensitic and 
diffusion transformations compete with one an- 
other. The decisive role in the competition is played 
by the structure ordering of initial GPs. GP -» DP 
martensitic transformations always involve such 
deformation processes as a lattice compression 
along theal caO axis and splitting of flat basal lay- 
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ers. Here, there are two principal modes of spliting: 
layer puckering and layer buckling [3]. Under high 
pressures MT of hBN is carried out only by puck- 
ering mechanism, while all other GPs of carbon and 
BN can undergo the MT via both mechanisms. For 
these GPs the realization of one or another marten- 
sitic mechanism depend, first of all, on the degree 
of the hydrostatic nature of compression conditions. 
It has been found experimentally that under hydro- 
static conditions puckering mechanism is realized, 
while under nonhydrostatic conditions the buckling 
mechanism occurs mainly [4], 

P, 
MT 

DP     MT, DT 

T 
Fig.2. The diagram of GP - DP direct transforma- 
tions by different mechanisms; MT and DT are the 
regions of martensitic and diffusion transforma- 
tions, po - equilibrium line between stable GP and 
DP; pm - barrier for termally activated MT; pv - a 
line of equal nucleation rates. 

The mechanism of GP -> DP transformations 
determines both the crystallographic nature of re- 
sulted diamond-like phases (see Fig. 1) and their 
real structure. Diffusion transformations, as a rule, 
give rise to the equaxial grains with a small number 
of defects, while due to martensitic transformations, 
a wide variety of structures form that differ in type 
and concentration of defects. So, in the structure of 
wBN formed from hBN, defects develop due to the 
effect of the puckering mechanism: if the atoms of 
the same name within the same initial grain displace 
into opposite directions, then at the interfaces be- 
tween these nuclei growing in radial directions, in- 
version boundaries (IB) arise in prismatic planes of 
wBN [5]. Such planar defects hinder the transfor- 

mation of metastahle wBN into stable at high pres- 
sures the cBN. A distinguishing feature of wBN 
produced from rBN by alternative MT mechanism 
of buckling is a high concentration of basal stacking 
faults (BSF). These defects are developed due to 
the nonuniform shear that accompanies buckling 
MT. Unlike IB, BSF do not hinder but favor the 
layer-by-layer lattice change in the course of wBN- 
zBN transformation (as well as the lonsdaleite -» 
diamond transformation; that's why to produce 
lonsdaleite without diamond impurities is a very 
difficult task [1]). 

Thus, the above peculiarities of GP ->DP 
martensitic transformations by different mecha- 
nisms allow us to vary the real structure of the re- 
sulting DP over a wide range. Of special interest is 
the use of textured CVD graphite-like phases: the 
realization of MT in these phases gives a basic pos- 
sibility of producing crystal-oriented superhard 
polycrystals of the diamond-like structure. 

1. A.V.Kurdyumov. The structural aspect of high 
pressure superhard phase synthesis // Powder Met- 
allurgy and Metal Ceramics.- 1995.-V.34, N7.- 
P.409. 
2. V.F.Britun, A.V.Kurdyumov. Martensitic trans- 
formations in carbon and boron nitride // J. Super- 
hard Mater.- V.22, N2.- P.3. 
3. A.V.Kurdyumov, V.F.Britun, I.A.Petrusha. 
Structural mechanisms of the rhombohedral BN 
transformations into diamond-like phases // Dia- 
mond and Relat. Mater.- 1996.- V.6.-P.1229. 
4. V.F.Britun, A.V.Kurdyumov. Mechanisms of 
martensitic transformations in boron nirtide and 
conditions of their development // High Press. Res.- 
2000.-V.17.-P.101. 
5. V.B.Britun, A.V.Kurdyumov. Ciystal defect 
generation during diffusionless transformations in 
boron nitride by puckering mechanism // 
J.Mater.Sci- 1999.- V.34.-P.5677. 
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NANOSTRUCTURED MATERIALS: BASIC CONCEPTS, SCIENTIFIC 
PROBLEMS AND PERSPECTIVES 

Andrievski R.A. 
Institute of Problems of Chemical Physics, Russian Academy of Sciences 

Chemogolovka, Moscow Region, Russia 

In recent 15-20 years, the development of 
nanomaterials (nanostructured, 
nanocrystalline nanophase, nanosize and so 
on materials (NMs)) has emerged as an 
important step in creating a new generation of 
materials. Because of their very fine 
micro structure (a grain size is usually below 
100 nm) NMs potentially revolutionize the 
traditional material design in many 
applications via atomic-level structural 
tailoring of the physical, chemical, 
mechanical, and biological properties. Note at 
least three reasons accompanying with the 
burst of research work in the field of NMs. 
First, the interest is connected with the hope 
to realize a high level of properties in the 
nanocrystalline state. Second, this topic is 
really an interdisciplinary problem for 
physicists, chemists, material science 
specialists, biologists, engineers, and 
specialists in the Earth Sciences. Third, this 
topic has revealed many gaps in both our 
understanding of the nature of the 
nanocrystalline state and its practical 
realization. It is not accidentally that the 
researches of NMs are important parts in the 
National Nanotechnology Programs such as 
NNI (USA), NEDO (Japan) and others [1-4]. 
These Programs are briefly discussed. 

There are many types of NMs such as 
consolidated ones, nanosemiconductors, 
nano-polymers, nanoglasses, carbon 
nanostructures, nanoporous solids, 
nanobiomaterials, catalysts, and 
supramolecular structures which can be 
produced by many preparation methods. 
Some of NMs such as nanostructured Ni foil, 
magnetic alloy Finemet, superhard multilayer 
nitride films are successfully produced on an 
industrial    scale.    The    features    of   their 

technology methods, structure and properties 
are discussed in detail. Some forward-looking 
NMs such as thermal barriers, sensors, 
thermally sprayed wear resistant coatings, and 
new superhard materials are considered also. 

The development of new effective NMs is 
closely linked with decision of many 
fundamental problems of materials science, 
physics, mechanics and chemistry of 
condensed matter. An examples are a nature 
of crystalline state, regularities of size effects, 
thermal stability of nanostructures and so on. 
Presently some preparation methods permit to 
obtain NMs with very low grain size of about 
1-2 nm and lower [5]. The understanding of 
nature of such peculiar cluster consolidated 
solids (in contradiction to cluster assemblies) 
seems to be also very important for the future 
progress of NMs. The quantum size effects 
seem to be very likely in these NMs with very 
small grain size. 
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STRUCTURAL HYDRODYNAMICS OF POROUS METAL MATERIALS 

Kostornov A.G. 
Frantsevich Institute for Problems of Materials Science NAS of Ukraine, Kyiv, Ukraine 

Porous metal materials are widely used as 
capillary structures in heat-exchange systems of 
evaporation-condensation and transpiration types. 

In operation of above systems the capillary forces 
have key influence, which govern both transfer of 
working liquid over pore channels and foraing out 
of it by pressure or temperature gradient. 

In the absence of pressure gradient the liquid in 
porous body moves under effect of a capillary 
pressure which in general case is balanced by 
losses in pressure due to friction in pores and 
difference of pressure in liquid due to gravity. 

Neglecting the inertia effects at low flow rates one 
can obtain from the equation of pressure balance 
the following relationtship for average flow rate 
ofliquid. 

V al 3* 

32p.LB2 

4o" I cos a 

fl* 
-pgLsinx 

(1) 
from which the maximum rate of capillary 
absorption under the conditions of full wetting of 
material is 

V    = v max 
R^v 

,(2) 

and the maximum heigh of capillary rising is 

4o- 
(3) Hn 

fl^Pg 

In above expressions Dcff is average effective size 
of pores in material, which is equal to equilibrium 

eq 
value of average hydraulic diameter D— of pore 

h 
channels in the case of regular porous structures, 
for which the coefficient of sinuosity is B; a, g 
and u are surface tension, density and absolute 
viscosity of working liquid at wetting angle a, 
respectively; q is gravitational acceleration; L is 
distance to which the liquid front displaced in 
material (its ultimate value equals to the specimen 
length Lo), which is located at the angle T with 
respect to horizontal. 
Based on traditional quantity which determines 
the structural characteristic of permeable material, 

namely general porosity G, one can derive the 
following expression for average flow rate of 
liquid in pores 

-=2al      1 1 
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e2ln9 
i-e 

(4) 

where So is specific surface of the unit volume of 
porous body. 

High-porous specimens made from powders of 
copper PMS, bronze BrOF10-l, steels H18N10 
and H18N15, titanium PTE, PTEM-2, PTM, 
PTOM and its alloy VT9 with varions dispersity 
and particle shape; discrette fibers of copper Ml 
and titanium alloy VT6 with different diameter, 
and also grid-like specimens made from steel 
H18H9T were used for experimental study of the 
kinetics of capillary transport of ethanol, distilled 
water and acetone. 

All determining characteristics for the pore 
structure of materials under study were 
preliminary    determined     in    the     specimens- 
whitnesses. 

Wide possibilities have been demoustrated 
concerning the forcast control of the capillar 
effects in powder structures by technological 
methods: pressing via elastic film; by adding 
pore-forming and agents; by vibroforming with 
both continuous and discrette variation in pore 
size; by precipitation of fine-grained particles in 
porous sceleton; by deformation of billets with 
wedge shape; by cyclic oxidation-reduction; by 
electric deposition. 

The most promissing capillar structures were 
shown to be materials from monodisperse fibers 
which capillar potential can be essentially varied 
through the control of adhesion work with the aid 
of high-temperature oxidation and vacuum 
treatment. 

In such structures the most effect on the rate of 
capillar transport in horizontal location has the 
variation in specific surface of pores and then in 
porosity and effective pore size. 
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Upon movement of liquid against gravitational 
force, porous materials having the most value of 

parameter of capillar pump K/Ojjq   showed the 
highest capillar rising. 

For correct calculation of transport properties of 
capillar structures in various pore materials, we 
present the data about wetting them with different 
liquids (benzine, acetone, ethanol, methanol, 
water). The equilibrium wetting angles were 
determined by the methods of lying drop, 
photographine of shadow image of free meniscus 

upon wetting of vertically placed specimen with 
liquid and capillar rising. 

Some examples of practical use of capillar mass 
transfer and its lows are shown for the resolving 
of methodical and technological tasks 
(determination of closed porosity in specimens, 
preparation of composite materials by 
impregnation, forecasting of service parameters of 
heating tubes and optimization of their mass and 
dimensions for different service conditions. 
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NEW GENERATION OF THE MATERIALS FOR SENSORS, ACTUATORS 
AND ULTRASOUND TECHNIQUE ON THE BASE OF 

FERROELECTRIC RELAXORS 

Glinchuk M.D.. Laguta V.V., Bykov I.P. 
I.N.Frantsevich Institute for Problems of Materials Science, NASc of Ukraine, Kiev, Ukraine 

1. Piezoelectric and electrostrictive ferroe- 
lectric materials lie in the heart of most actuators, 
sonar transducers and sensors, performing the es- 
sential role of electromechanical conversion. 
Among the modem piezoelectrics and electro- 
strictors relaxor ferroelectrics are the most im- 
portant due to giant electrostriction and high elec- 
tromechanical coefficients (k ~ 0,95), while in the 
conventional piezomaterials k ~ (0,5-0.6). In the 
last years much attention of the scientists and en- 
gineers was paid to inorganic relaxors 
PbMgUJNbM03 (PMN), PbSc1/2Nb1/203 (PSN), 
PbSc1QTa,/203 (PST), Pb1.,LatZr0,35Tio,6503, 
0,6 < x < 0,9 (PLZT), to their composites like 
(PMN),-^PbTi03), (PMN-PT), (PSN^ST), and 
to organic relaxors on the base of iUuminated by fast 
electrons polymeric ferroelectrics P(VDF/TrFE). 

The scientists of our Institute are working in 
the field of the relaxor ferroelectrics during 15 
years. They developed the scientific concept that 
made it possible to find out the fundamental 
mechanisms which are in response on unusual 
properties of the relaxor based ferroelectrics. In 
particular it was shown that the high level of use- 
ful properties is related to the appearance of 
mixed ferro-glass phase with coexistence of long 
and short range polar order. The absence of con- 
ventional type of domain structure in this phase 
results in high dielectric permittivity (e ~ 105), 
giant electrostriction, high coefficient of electro- 
mechanical coupling with small hysteresis and 
small dielectric losses, the mechanical distortions 
(s ~ 5 %) being more than an order of magnitude 
larger than the level achieved in the conventional 
piezoelectric ceramics. 

Since in the disordered ferroelectrics like re- 
laxors the local structure plays the decisive role in 
this material properties we performed the local 
properties investigations by ESR [1] and NMR 
methods (see [2-4] and ref. therein). 

The brief review of these results as well as 
those related to aforementioned concept for the 
relaxor based material properties explanation [5- 
9] is given in this report. 

2. In the NMR studies of solids the nucleus is 
used as a probe to investigate local structure via 

its coupling with the lattice. The coupling the 
most frequently involved is the interaction of the 
nuclear quadrupole moment with the electric field 
gradient (EFG) which is known to be very sensi- 
tive to local structure. In the case of disordered 
ferroelectrics, such as PMN, substitutional disor- 
der in the B-site lattice (e.g. Nb5+ substituted for 
Mg2+ and vice versa) and the ions shifts from then- 
positions in the ideal cubic crystal lead to appear- 
ance of nonzero random EFG. The randomness of 
EFG has to result in inhomogeneous broadening 
of NMR line. The theoretical analysis of the ob- 
served line shape [2] made it possible to obtain 
information about die values and the directions of 
the ions shift. 

In Fig.l one can see the observed NMR 
spectrum of 93Nb (transition +1/2 <-+ -1/2) shown 
by points and calculated shape shown by solid line 
for the case when there are the microregions with 
the Nb ions shifts along (001), <011> and (111) 
type of directions, their volume being respectively 
60 %, 20 % and 20 % of the sample volume. The 
mean values of shifts were estimated in nm as 
dm) = 0,032; Mm) = 0,005; dfoii) = 0,03; 
Adm) = 0,01; dm) = 0,02; Ad{lu) = 0,01; where 
Ad is the dispersion so that there are the distribu- 
tion of the ions shift values and directions. 

- 
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Fig.1. Comparison be- 
tween   the   experimental 
""m m+* -1/2 NMR 
and calculated line shape 
in PMN for BII [001], 
d\\ <001),(011>,<111). 

3. This distribution as well as the vacancies 
of lead and oxygen, the random excess charges 
related to the ions substitutional disorder results in 
the distribution of random electric field, that in- 
fluence all the properties of the relaxors, including 
its phase diagram (see Fig.2), where dE0 = kBTcmf 
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is mean field related to indirect interaction of the 
shifted ions via Burns phase soft mode and AE its 
dispersion. The condition EQ » AE corresponds to 
conventional transition between ferroelectric (FE) 
and paraelectric (PE) phase which could be in 
Burns phase, so that Tcmf = Ißums that is known to 
be about 600-650 K in most the relaxors. But the 
strong random field gives AE « E() or AE > E0 that 
leads to FE long range order destruction so that 
only nonergodic mixed ferro-glass phase (FG) or 
dipole glass state (DG) with short range order po- 
lar clusters appeared to be possible [5]. 

TIAE' i 

1 

PE    yVcrf 

y   FE 
DG 

FG^^^ 
—*~ 

1 EoftsE 

Fig. 2. Schematic phase diagram of relaxor. 

The physical concept developed in die ran- 
dom field theory framework [5] made it possible 
to explain the dependence of dielectric suscepti- 
bility maximum position on concentration of La 
ions in PLZT, the peculiarities of nonlinear sus- 
ceptibility of the PMN and PMN-PT relaxors [6], 
the origin of Vogel-Fulcher law in the relaxation 
tune behaviour [7], the anomalies of correlation 
radius temperature dependence in PMN [8], 

In what follows we shall describe briefly the 
results of PMN-PT phase diagram calculations 
performed in the random field theory framework 
[9]. The electee polarization of (PMN)Kr(PT).v 
composite was written as 

_* 
+ (1-^)^-2-, (1) 

_* 

P = . .M.A 

where Lh ah ß; and di   (/' =1,2) are respectively 
the number of coherently oriented dipoles, lattice 
constants, fraction of unit cells in which dipoles 

exist and <?* is effective dipole moments related 

to the ions shift. The directions of 3*  and d~ 

reflect the tetragonal symmetry of PT and rhom- 
bohedral symmetry of PMN. 

For the case of two orientable dipoles one 
can write 

U [tanh 
dtE 

UB7 fiiEJ^dE, (2) 

where the random field E distribution function 
fi(E,Lj) was calculated in die statistical theory ap- 
proach and for conventional ferroelectrics like PT 
it has the form of S-function /(£",L) = 5(E - E(yL). 

The phase diagram gives the dependence of 
temperature Tc on concentration x at which polari- 
zation arises. The calculated Tc(x) dependence is 
depicted in Fig.3. One can see that the theoiy 
(solid line) describes pretty good the experimental 
points. 
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Fig. 3. Phase diagram of (PMN-PT),:; 
points - experiment, solid line - theory 

The calculations have shown that maximal 
contribution of pseudo-cubic (rhombohedral) 
component takes place at x = 0,135. Because of 
pseudo-cubic symmetry the maximal value of di- 
electric response, piezoelectric and electrome- 
chanical coefficient can be expected at x = 0,135. 
This concentration a little bit larger than x = 0,1 
where the aforementioned properties high values 
were observed. 
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PHYSICOCHEMICAL ASPECTS OF THE DEVELOPMENT OF 
FUNCTIONAL MATERIALS BASED ON ALIOSUBSTITUTED OXIDES 

AND THEIR APPLICATION 

Belous A.G. 
V.I.Vernadskii Institute of General and Inorganic Chemistry, Kyiv, Ukraine 

The progress in the development of new 
functional materials substantially determines the 
evolution in frontrank areas of engineering. When 
developing these materials the search for effective 
ways in the simulation of their properties already at 
the synthesis stage is the strategic direction of the 
research. In this connection the investigation of 
aliovalent substitution in the structural sites, which 
may result in the lattice distortions, formation of 
structural channels and vacancies, varying charge 
of crystal sublattices are of a great scientific and 
practical interest. This investigation could 
evidently result in the synthesis of new compounds 
as well as in the development of new materials 
based on them with the important engineering 
properties. 

Therefore, the research in the field of the 
chemistry of aliosubstituted oxides - in particular, 
those of elements of III-V groups - directed to the 
synthesis, investigation into their structure and 
properties, as well as the development of new 
materials with promising applications in 
engineering is the problem of a topical interest. 

In this work the compounds have been 
synthesized with various crystal structures 
including those of the perovskite, defect 
perovskite, layered perovskite, tetragonal tungsten 
bronze, spinel. It has been synthesized the series of 
the ferrites, aluminates, titanates, zirconates, 
niobates, and tantalates. 

In consequence of the complex research the 
number of new regularities common for the 
aliovalent substitution have been revealed. 

When using as the example the systems 
(La,Li)(Ti,Nb,Ta)03, where the ions of lithium 
substitute for the lanthanum ions, it has been 
shown that aliovalent substitution may result in 
certain conditions when the ions residing 
crystallographic sites do not meet structural 
requirements. The ions of lithium and lanthanum, 
whereas residing in one sublattice, act contrary: the 
lanthanum ions promote the formation of the 
perovskite structure while the lithium ions reduce 
the total number of "structural vacancies" and 
consequently contribute to the stabilization of the 
perovskite structure at higher temperature. 

In the systems (La,M)(Ti,Nb,Ta)03, where 
M is Li, Na, K, the permittivity magnitude in 
optical band has been shown to depend only on the 
matrix structure whereas the alkaline ions affect 
the dielectric properties only in radiofrequency 
range. In this case the lithium ions reside in the 
crystallographic channels characterized by the lack 
in the filled sites, and, as the consequence, they 
have not rigid bonds with the matrix. This allowed 
the development of new lithium conducting 
materials with the record-high characteristics [1-5]. 

In the parallel systems -where the ions of 
rare-earth elements are replaced by alkaline ions 
with larger ionic radii (sodium or potassium ions)- 
microwave (MW) dielectrics have been shown to 
form. They simultaneously combine high dielectric 
permittivity, low dielectrics loss and high 
temperature stability of physical properties in the 
MW frequency range. Whereas the presence of one 
low-frequency oscillation in the phonon spectrum 
(soft mode), which is responsible for the low 
temperature stability of physical properties, is 
typical for the perovskites the aliovalent 
substitution may result in another low-frequency 
oscillation. It noticeably contributes to the 
permittivity and provides high temperature 
stability of electrophysical properties. Similar 
trends have been found out also in the materials 
with both the structures of the defect perovskite 
and tetragonal tungsten bronze [6-8]. 

The "structural vacancies" have been 
shown to be the additional scattering centers of 
electromagnetic energy. Therefore, it is possible to 
control the scattering degree when reducing total 
amount of the vacancies by aliovalent substitution 
when sites corresponding to "structural vacancies" 
are filled up by different ions [9]. 

When using the aliovalent substitution in 
the crystal sublattices it is possible to obtain the 
nonlinear materials with PTCR properties. It has 
been shown that amongst the intermediate phases 
of the synthesis of these materials there is the 
phase, which is not stable at high temperatures in 
air. However, its interaction with other 
intermediate phases results in the formation of 
materials with PTCR properties [10-12]. 
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Thus, by means of aliovalent substitution 
within the range of certain structural type and close 
chemical compositions it is possible to control the 
properties of complex oxide systems varying them 
from those of MW dielectrics to those of cation 
conductors and semiconductors - ferroelectrics. 

The synthesis technique should ensure 
high chemical homogeneity of the materials to 
provide the highest potential level of their 
electrophysical properties. To this goal the 
chemical methods of synthesis are required. 
Regarding the functional materials the 
precipitation from solutions could be considered as 
the most generalized technique. However, this 
method is characterized by significant lacks. In 
particular, the precipitates formed at the synthesis 
stage require prolonged both flushing and filtering 
stages. Moreover, after preheating the precipitates 
form the conglomerates, which require long-time 
mechanical milling. It is possible to show that 
when carrying out the precipitation these lacks 
originate in the high speed of the formation of 
crystallization centers in comparison to that of the 
diffusive grain growth. In order to overcome the 
above lacks the ways of the enhancement of the 
precipitation technique have been developed. The 
results allowed the production of the precipitates 
with high filtering and flushing rates, which form 
soft powders after the thermal treatment and do not 
require any additional milling. This also allowed 
the production of the powders with nanosize 
particles characterized by narrow size distribution 
[13]. 

As an outcome of the investigation carried 
out new functional materials and elements based 
on them for the applications in radio 
communication and mechanical engineering have 
been developed [14]. 
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HYDROGEN ABSORBING INTERMETALLICS FOR CHEMICAL 
CURRENT SOURCES 

Solonin Yu.M. 
Frantsevich Institute for the Problems of Materials Science, NAS of Ukraine, Kyiv, Ukraine 

During last 10-15 years the new perspective 
direction of the hydride-forming alloys application 
appeared These materials may be used for the 
substitution of the poisonous cadmium in very 
popular nickel-cadmium rechargeable batteries. 
The new nickel- metal hydride (Ni-MH) batteries 
possess enhanced characteristics and arc 
ecologically safe. An electrode which can quasi- 
reversibly store a large quantities of hydrogen is 
of interest as a construction material for high 
energy density batteries Secondary' batteries using 
a hydrogen rechargeable electrode operate in a 
different manner than lead/acid, nickel/cadmium 
or other battery systems. Upon application of an 
electrical current to the anode, the anode material 
(Me) is charged by the absorption of hydrogen: 

Me + xH?0 + xe -> MeHx + xOH" 
Upon discharge the stored hydrogen is released to 
provide an electric current: 

MeHx + xOH' -> Me + xH20 + xe" 
The MH electrodes are still posed essentially 

on the rare earth-based ABs-type alloys with an 
electrochemical capacity of less than 300mAh/g. 
Zr-based AB2-type hydrogen-absorbing alloys 
propose 30% higher capacity. But these alloys 
require very strong conditions or a lot of cycles for 
activation and their extreme characteristics are not 
stable during cycling The most perspective 
materials for battery application are Mg-based 
alloys. The research on Mg-based alloys-hydrogen 
systems has increased because of its promising 
characteristics (3.6 wt. % H for Mg?NiH4) for the 
use in vehicles, which is demanding a lower 
material cost and higher hydrogen storage capacity' 
than in the conventional secondary nickel-metal 
hydride batteries, based on AB5 -type alloys. 
However the kinetic properties of Mg-based alloys 
are poor and the hydrides formed are too stable to 
release hydrogen at low temperatures It has been 
reported that amorphous and nanocrystalline Mg- 
Ni alloys prepared by ball-milling and mechanical 
alloying can clectrochemically absorb and desorb 
hydrogen even at room temperature (theoretically 
discharge capacity may achieve 900 mAh/g). but 
the cycle life of these alloys is very short [1]. 

The microstructure of the hydrogen forming 
alloys    strongly    effects    their    electrochemical 

characteristics Electrode materials with disordered 
and amorphous structures have become of interest 
due to their unique combinations of mechanical, 
chemical and electrical properties Hydrides of the 
disordered metal alloys are capable of absorbing 
larger amounts of hydrogen than their ordered 
counterparts and possess of high cycle-life. 
Method of the Braked Diffusion Interaction 
(BDIM) based on the precise sintering have been 
realized [2,3], which allows to obtain the 
LaNi4.5Al() 5 and LaNb5Co2 4Aloi alloys with 
controlled disordered and inhomogeneous 
structure. Such structure consists of small 
deviation from average correlation of different B- 
type elements in alloy with strictly invariable 
correlation between B- and A- type constituents 
according formula ABs. The alloys LaNi^Al,^ 
with such structure possess the enhanced cycle life 
during electrochemical hydriding-dehydriding. 
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Fig.l. 

During gas atomization of liquid metals 
very high cooling rate up to 106K/s can be 
achieved and the peculiar structure of the powders 
with fine grains and amorphous component 
obtained. Powders of the hydride-forming alloys 
with such structure possess enhanced corrosion 
resistance and seem to be promising materials for 
the negative electrodes of the nickel/metal hydride 
batteries. The gas atomized powders of 
LaNi^Alo,! LaNi2,5Co2.4AllU. 
(Mm,La)Ni3,5Cooi7Alo,35Mno>4Zro,o5 alloys were 
prepared [3-5] and separated into fractions with 
different particle sizes (Fig. 1.) The morphology, 
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oxygen content, crystal structure of the powders 
depending on particle size have been analyzed by 
means of XRD, SEM, EDS, The hydriding and 
electrochemical properties of different fractions 
were evaluated too. The fractions with particle size 
less than 50um have a poor activity at both 
gaseous and electrochemical hydriding. On the 
DTA curve of the fraction of small particles the 
additional exothermal peak was observed, which 
could be attributed to the thermal induced 
crystallization of the more developed amorphous 
component of the small particles structure. Gas 
atomized powders of large particles sizes display 
a similar hydrogen and electrochemical capacity as 
arc melt alloys. 

The alloys type La(Mm)Ni5_xMex, where Me 
are Co, Mn, Zr, Al and other metals, are most 
widely used material for the production of the 
negative electrodes of the nickel/metal hydride 
batteries [3]. The use of the mishmetal instead of 
pure La allows to lower the alloy cost. The 
mishmetal produced in Ukraine have the 
composition: La - 20-25%; (Nd+Pr) - 10-15%; Ce - 
48-55%; Dy - 0,5-1,0%; Y - 4-5%; Sm - 1-1,5%. It 
is known that such content of the La in mishmetal 
is not enough to provide the high level of 
hydriding and electrochemical properties. The La 
and Co have been added to improve the 
electrochemical activation and cycle life 
characteristics. The alloy with additions of La and 
Co is more active during hydriding and needs less 
time for activation [6]. This alloy also forms 
hydride with higher content of hydrogen up to 1.5 
weight.% and electrochemical capacity about 240 
mA.h/g. 

For the preparations of the scandium 
containing AB5 alloy we used the Al-Sc primary 
alloy, which contains 4 weight % of Sc. After 5 
cycles of charge-discharge the alloy 
LaNi2,5Co2.4Al(Sc)o,i demonstrates       the 
electrochemical discharge capacity on the level of 
300mA.h/g. The conventional alloy type 
LaNi2,5Co2,4Al without Sc addition have 
electrochemical capacity - 240mA.h/g. So, the 
small additions of the scandium can improve the 
characteristics of hydride-fonning alloys of 
electrochemical application. 

Zirconium-based alloys are perspective 
materials for negative electrodes of nickel-metal 
hydride batteries. At the same time, these alloys 
have a number of lacks, which prevent their wider 
use. The basic lacks are, firstly, a necessity of 
additional processing for alloys activation and, 
secondly, the insufficient cycle life of the alloys 
with really high specific capacity (more than 400 

mAh/g). We studied structure and electrochemical 
properties (Fig.2) of ZrMn15Cro.2Vo.1Ni1.2Cl), 
ZrMn0.5Cro.isAlo.1Nii.2(2) and 
Zr0.59Tio4iVo.53Cro.22Feo.2oCoo.27Nio.78(3) alloys [7], 
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Fig.2. 
1,2,3 - corresponding alloy in composite with Ni, 

4-pure alloy Nl 

For      the      detennination      of the 
electrochemical properties, such as discharge 
capacity and its dependence on cycle number, the 
mixtures of the alloys powders with nickel powder 
in mass proportion 1:1 were prepared. The 
electrochemical measurements were carried out in 
sealed cells. The alloy ZrMno.5Cro.2VojNi].2 mixed 
with nickel already in first cycles demonstrated 
discharge capacity up to 400 mAh/g. At the same 
time, without Ni this alloy needs about 20 cycles 
to reach the nominal capacity. 
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TOUGHNESS AS CHARACTERISTIC OF MECHANICAL STATE OF 
STRUCTURAL MATERIAL 

Kotrechko S., Meshkov Yu. 
G.V.Kurdyumov Institute for Metal Physics, National Academy of Sciences of the Ukraine, Kyiv 

Toughness is one of the most important mechani- 
cal properties of structural materials because of 
their mechanical stability under the conditions of 
loading. Toughness nature is not quite simple since 
this property appears in different ways, namely: 
ductility at fracture; residual ductility in the pres- 

ence of crack (it is fracture toughness KIC); en- 
ergy of fracture; resistance to impact loading KCV; 
resistance to embrittlement at cooling of metal (it 
is cold-resistance). 

All these characteristics have a common feature 
- resistance to transition to brittle state i.e. resis- 
tance to brittleness. Therefore, the most general 
definition of toughness may be given as follows: it 
is the measure of resistance to transition to brittle 
state (toughness parameter) pT : 

PT=^MC/°i(e) (1) 
where RMC is critical stress of brittle fracture of 

metal (it "brittle strength"); o7(e) is maximum 
tensile principal stress at the value of strain that is 
equal to e. If pT >1 then metal is tough; at pT <1 

and af(e)>a02 (o02 is proof stress at e = 0.002 
(0.2%)) metal is brittle. 

Principal stress o/(e) depends on the value of 
strain hardening, on overstress j caused by the 
crack, on loading rate e and temperature T. All 
these factors affect metal and result in certain over- 

stress Em over proof stress <JQ2 : 

cf(e) = o02-Em (2) 
So 

PT = RMC ^02- Em = KT I Em (3) 
Here KT - RMC /o02 is toughness index. 

For structural concentrator expression for Em 

is the following [1]: 

£,n=(J/KSs)KGN/°02)2"/{]+n)        (4) 
where a0  is Neuber stress concentration factor; 

ax is nominal (average) stress; n is Hollomon 

strain hardening index; Kss is parameter ac- 
counting for the strain gradient within the local 
plasticity region near concentrator. 

Toughness parameter pT of material with 

stress concentration factor aa in approximation of 

small plastic region (/' ~ 1.15,  Kss~l) may be 
written: 

pT=(Kr/L\5)(aaGN/a02)
2"^+^      (5) 

Ductile metal (KT >1) with stress concentra- 

tion factor <xa may be tough (pT>l) or brittle 

(pT<l). This depends not only on its structure 

(KT, n) but also on environment (<xa) and just on 
the level of applied stresses aN. 

Formula (5) expresses local toughness parame- 
ter pj ahead of concentrator with stress concen- 

tration factor aa only if local plastic deformation 
started i.e. conditions required for fracture have 
now arisen. Consequently, material's state charac- 
terising by parameter pT =1 means, by (5), reali- 
sation of fracture criterion i.e. for material with 
stress concentration factor aö, condition pT =1 is 
sufficient condition for its fracture because stress 
GN guarantees required condition of yielding 
ahead of concentrator. 

It results from formula (5) that one has an im- 
portant possibility to select safe stress level [aN] 

for material with specified structure (KT, o02 , n) 

and concentrator characterising by a0 (for given 

toughness parameter pT =1.30) (see Table 1). 

Parameter pT control according to (5) enables 
to realise an optimal combination of strength 
(c02) and toughness (KT) in steels in which 

overbalance of toughness (KT -2.5 ... 3.0) may be 
decreased to safe level owing to increase in 
strength (o02) by proper heat treatment. 

, Unlike conventional characteristics of tough- 

ness (KCV,  KIC,  v)/), toughness parameter pT 

Table 

Steel 
MPa 

K.J- PT MPa 
i5rc 380 2.45 1.64 190 

30XrCA 1360 1.58 1.30 272 
40X 700 2.24 1.59 350 

18X2H4BA 1060 1.73 1.31 115 

allows to differentiate influence of structure (KT, 

OQ2 , n) and mechanical state (aa, j, o,y) on 
metal toughness. Besides, such approach to tough- 
ness permits to combine optimally main character- 
istics of metal - its strength o02  and toughness 

PT- 
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HYDROGEN-INDUCED PHASE TRANSFORMATIONS AND THEIR USE 
IN HYDROGEN TREATMENT OF MATERIALS 

Goltsov V.A. 
Donetsk National Technical University, Donetsk, Ukraine 

Hydrogen treatment of materials [1] is based on 
specific peculiarities of hydrogen giving a possi- 
bility of a strong and controllable action on mate- 
rials. This action is reversible in the sense that hy- 
drogen can be removed from a material up to very 
low temperatures. Hydrogen action on materials 
comprises physical, chemical, physico-chemical 
and mechanical components [2]. 

Hydrogen action causes a disturbance of thermo- 
dynamic conditions of a material existence. As a 
result there appears a thermodynamic necessity in 
hydrogen-induced phase transformations. This is 
the so-called 'artificial' hydrogen-induced poly- 
morphism. Hydrogen-induced phase and structural 
transformations are classified [2] into three large 
classes: hydride (diffusive-cooperative), diffusive 
and intermediate phase and structural transforma- 
tions. 

Hydride (diffusive-cooperative) phase transfor- 
mations [3] take place in hydrogen-material sys- 
tems at low temperatures (T<(0.2-0.45):Tm). They 
have a diffusive-cooperative synergetic mecha- 
nism, which includes two different, but intercon- 
nected and mutually conditioned sub-mechanisms: 
diffusive rearrangements in the hydrogen intersti- 
tial subsystem, and a cooperative, martensite-like 
sub-mechanism of structural rearrangements in a 
material matrix. 

Another significant feature of hydride transforma- 
tions is that hydrogen stresses play an absolutely 
important role in material-hydrogen systems. Near 
a critical point of a transformation, hydrogen con- 
centration stresses are first generated by small hy- 
drogen inhomogeneities (for instance, those caused 
by hydrogen fluctuations). Elastic coherent nuclei 
of a hydride phase are produced on supercooling or 
some elevation of hydrogen pressure. In metallic 
materials during the process of a nuclei growth 
hydrogen stresses grow too, coherency is lost at 
some time and plastic deformation of matrix takes 
place. In turn, this gives rise to a mutual redistri- 
bution of hydrogen, evolution of hydrogen stresses, 
etc. In other words, the loss of coherency and a 
further growth of hydrogen precipitates trigger the 
mechanisms of hydrogen phase naklep (cold 
work). 

So, the appearance and relaxation of very strong 
internal 'hydrogen' stresses induced by hydrogen 
gradients and differences in the specific volumes 
of transforming phases are very important to un- 
derstand the nature of this class of phase transfor- 
mations. A thermo(baro)-elastic-diffusive braking 
of the transformation or even equilibrium of trans- 
forming phases are realized during hydride trans- 
formations. A synthesis of the knowledge of hy- 
dride transformations is given in [2]. Kinetics and 
morphology of hydride a-^ß and ß->a phase 
transformations can be found in [3]. 

Hydrogen treatment based on this class of trans- 
formations permits the preparation of stronger 
metals, the production of fine structure metallic 
materials, superstrong materials with a high TRIP 
plasticity, materials with a memory shape effect, 
the production of an intermetallic material powder, 
and makes the powdering easier (HD process). 

Hydrogen-induced diffusive phase transformations 
[4] take place at elevated temperatures (7>(0.2- 
0.45)rm). They have a mechanism of nucleation 
and diffusion-controlled growth. The kinetics of a 
hydrogen-induced phase transformation in the 
Nd2Fe14B-type alloys was studied in [4]. 

At all temperatures (600-750°C) there was a trans- 
formation incubation period (30-90 sec). Analysis 
of the mechanism of the transformation was carried 
out [4] using the Avrami theory, according to which 
a phase transformation can be described by: 

k = 1- exp(-df) , 

where A: is a degree of transformation, t is time, d 
and n are constants. 

The results were plotted in coordinates: lnln[l/(l- 
k)]-\nt. The curves were parallel straight lines, the 
slope of which gave «=1.06. By the Avrami theory, 
if n = 1-1.5, a transformation has a nucleation and 
growth mechanism with diffusion-controlled 
growth of particles of new phases. This result is 
very important and it confirms that hydrogen- 
induced phase transformations at elevated tem- 
peratures (T >(0.2-0.45)rm) have a classical 
mechanism of nucleation and growth and are con- 
trolled by a long-range diffusion of material atoms. 
Therefore, they may be classified as hydrogen- 
induced diffusive phase transformations. 
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Processes based on transformations of this class 
permit the production of materials with a changed 
phase structure, with the finest grain and sub-grain 
structure, etc. For example, this transformation is 
the basis of a very well-known HDDR process 
permitting the production of high coercive mag- 
netic materials of the Nd-Fe-B type. 

Hydrogen-induced intermediate transformations 
[2] take place at moderate temperatures 
(0.2rni<7'<0.45rm)- The main peculiarity of this 
class of transformations is that only short-range 
(atomic scale) rearrangements of atoms - compo- 
nents of a material - take place. Dissolved hydro- 
gen changes the interaction of atoms components 
of a material. Thus, if under the action of hydrogen 
the interaction of atoms of different species be- 
comes stronger, there might be an atomic ordering 
transformation. On the contrary, if the interaction 
of the same atoms becomes stronger, there might 
be an atomic segregation transformation. Hydro- 
gen-induced amorphization (IIIA) is a transforma- 
tion of the same class. Common conditions of IIIA 
taking place /// solid stale materials were formu- 
lated in the middle of the 1980s [2j: 

1. Initial intermetallic alloys of the A„Bm 

(A^O.Bni-yDvMype must consist of atoms having 
a large difference in their affinity for hydrogen. 
Atom A must be a potent hydride-forming element 
(Zr. Ti. etc.) and B must be a non-hydride forming 
element (Fe. Co. Ni. Rh. Al. Ga, etc.). 

2. This intermetallic alloy in a homogenized 
crystal state should be able to absorb hydrogen at 
low to moderate temperatures and form a hydride 
which is less stable than the hydride of element A. 

3. Such an alloy as a A„Bn,Hx hydride alloy 
is thermodynamically unstable. At elevated tem- 
peratures, when an enhancement of diffusivity 
takes place, the A„B,nHN hydride alloy will undergo 
a diffusive phase transformation and will be trans- 
formed from a mono-phase state to a poly-phase 
state. Usually, one of these phases is the hydride of 
element A, or a phase based on it. The other phase 
without hydrogen or with a low hydrogen content 
is based on the crystal phase of element B. As 
mentioned above a hydrogen-induced diffusive 
phase transformation needs a long-range diffusion 
of metal atoms. Therefore, for kinetic reasons they 
cannot he fulfilled at low and moderate tempera- 
tures. 

4. Under the above conditions there must 
exist some moderate or low to moderate tempera- 
ture interval where a short (atomic)-rangc diffusion 
only is possible. At this moderate temperature un- 
der the same thermodynamic driving force, short- 

range diffusive rearrangements of the structure 
might be realized, and unstable (but frozen) or 
metastable structural states will be formed. There- 
fore, HI A is one of those intermediate transforma- 
tions leading to the formation of an amorphous 
structure. 

Many investigations have been conducted (see, for 
example, Refs. [2]') and an understanding of HIA is 
now much deeper. More than 70 intermetallics 
have been already amorphized by the HIA treat- 
ment [2]. They arc intermetallics of the following 
types: A3B with Ll2 (fee.) crystal structure 
(Zr3Rh, etc.) and with DO,,, crystal structure 
(Ti3Ga. etc.); A2B with C23 crystal structure (Y2A1, 
etc.) and with B82 crystal structure (Zr3Al, etc.); 
AB2 with C.T5 crystal structure (CeFe2, etc.). 

The transformations of this class provide great 
possibilities of improving the structure and proper- 
ties of metallic and intermetallic materials. 

From the kinetic viewpoint, it is very important 
that hydrogen accelerates greatly material atom 
diffusion. Therefore, a hydrogen-induced diffusive 
rearrangement of the atomic, micro and macro- 
structure of materials might be achieved at much 
lower temperatures than it was conceived before. 

Hydrogen-controlled phase transformations [2] in 
polymorphic metals and alloys may be considered 
as a special, very wide class of transformations. 
This class of transformations is rather well studied 
in titanium alloys. They arc the basis of many 
HTM-technologies permitting the improvement of 
the structure and properties of many titanium al- 
loys, the improvement and creation of industrial 
technologies to produce deformed and cast articles 
and constructions. 
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Quasiperiodic phases or quasicrystals (QC) with 
"noncrystallographic" symmetries five, ten and 
others have been found in numerous alloy systems. 
In several systems they exhibit remarkable thermal 
stability at elevated temperatures, which permits 
them to be classified as equilibrium phases at these 
temperatures. Apart from QCs, related periodic 
phases with complicated structures containing 
hundreds of atoms in their unit cells are known in 
these alloy systems. 

QC phases, discovered in 1984, become more and 
more popular for the basic and applied research. 
To date a wide spectrum of QC modern materials 
including large single-crystal QCs are produced 
and studied in a number of leading laboratories in 
Europe, USA and Far East. Some interesting pecu- 
liarities in their thermal, wear, electronic properties 
and mechanical behavior were observed [1]. The 
discovery of QCs stimulated also structural inves- 
tigation of crystalline phases forming at adjacent 
compositions. Progress in the investigation of these 
novel materials depends on the good knowledge of 
the corresponding phase diagrams. Moreover, the 
study of phase equilibria also has a basic scientific 
interest for the understanding of the phase forma- 
tion rules in these alloy systems. 

Among the alloy systems containing QCs those of 
Al with the d-transition metals (TM) are most 
widely investigated. In these systems QCs are usu- 
ally formed in Al-rich regions, their compositions 
vary from one alloy system to another but are still 
in the limits between 60 and 80 at.% Al. In binary 
Al-TM systems (TM = V, Cr, Mn, Fe, Co, Ni; Mo, 
Ru, Rh, Pd; W, Re, Os, Ir, Pt) they are metastable 
and can be produced by rapid solidification. With 
addition of a third element (also TM) they can be 
stabilized in a number of alloy systems as Al-Ni- 
(Fe, Co, Ru, Rh), Al-Cu-(Fe, Co, Ru, Rh), Al-Pd- 
(Mn,Re)[l-3]. 

In order to clarify the thermodynamic stability of a 
phase one need to investigate a reasonable part of 

the corresponding phase diagram. The current in- 
formation concerning many alloy systems, even 
the above mentioned list is not systematic and reli- 
able. More investigations are necessary. 

In this contribution we present the state of the art 
of the physical chemistry of the binary and ternary 
alloy systems of Al with TM containing QCs and 
related periodic phases, including the recent origi- 
nal data of authors ([4-12], for example). 
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PHASE EQUILIBRIA IN REFRACTORY OXIDES SYSTEMS 

L.M.Lopato. O.V.Shevchenko 
I.N.Frantsevich Institute for Problems of Materials Science. Kiev, Ukraine 

Phase equilibria investigations in the 
systems including oxides with the melting points 
above 2000 °C were initiated in IPMS NAS of 
Ukraine by Prof. S.G.Tresviatsky in 1962. At the 
beginning of these investigations the interaction of 
oxides of rare-earth elements (REE) with highly 
refractory oxides of II-1V groups elements of the 
periodic system was one of the less-studied areas 
of high-temperature chemistry. The literature data 
concerned mainly some binary REE-oxides 
systems with silica and alumina. 

The first investigation subjects were the 
phase diagrams of the binary REE-oxides-MgO 
and Cr203 systems. These investigations revealed 
that in the systems studied a number of phases 
formed at high temperature were not retained at 
room temperature at the cooling rates less than 102 

deg/sec that were common in the laboratory 
practice. So a number of investigation methods 
were developed and improved in the department, 
as well as such apparatus for: 
• DTA in reducing and inert environment up to 

2500°C using the principle of string 
thermocouple by Yu.O.Kocherghinsky. 

• Thermal (TA) and derivative thermal analyses 
(DrTA) in air using a solar furnace up to 3000 
°C, that determine phase transitions 
temperatures from the radiation of a turning 
cavity and a surface of the samples partially 
fused in the focus of a solar furnace; 

• Realization of rapid quenching from the liquid 
state at different cooling rates varying from 104 

to 10' deg/sec using concentrated solar 
radiation. 

• Synthesis and melting of the samples at the 
equilibrium partial oxygen pressure conditions 
using radiant heating to avoid sample 
contamination. 

The developed methods allowed not only to 
raise the investigation temperature, but also to 
study such systems as: 
oxide systems with cations to have the ability to 
change the oxidation grade depending on oxidizing 
potential of a media (Eu3+, Eu2+, Ti"J, Ti3+, Tb4' , 
Tb"~ etc.) and the systems with slightly volatite 
components like magnesium, strontium, barium, 
chromium oxides because it was possible to melt 
the samples and quench them in several seconds 
without noticeably upsetting the stoichiometry. 

The crystal growing method from solution in 
the melt for some compounds was developed for 
the detailed investigation of compounds structure 
especially useful in practice such as lanthanum and 
yttrium chromites. It allowed to explain the 
properties changes when proceeding from 
lanthanum chromite to lutecium chromite. 

Phase composition of the melted and 
annealed samples was studied by microstructurial, 
petrographic and X-ray analyses. The samples 
were also examined by means of scanning electron 
microscopy and electron microprobe X-ray 
analysis. 

As a result DTA and TA methods allowed to 
investigate high temperature reversible 
polymorphic transitions of the lanthanide pure 
oxides (>1800 °C) and to determine their melting 
temperatures. 

Phase diagrams of the binary systems 
composed of REE-oxides and alkali-earth oxides, 
zirconia, hafnia, titania, alumina, REE-oxides and 
others were explored. Altogether over 60 binary 
systems were studied first and over 30 binary 
systems were reinvestigated. It was found that the 
modification of phase diagram type in the ranks of 
system studied took place mainly at the Nd - Sm 
and Ho - Er elements like in the ranks of other 
compounds classes, where one of the components 
was the appropriate RE-compound. The systems 
including yttria are similar to the systems with 
lanthanoidas from yttrium subgroup. The scandia 
including phase diagrams along with certain 
similarities with lanthanoid series end phase 
diagrams revealed some differences concerned 
with specific features of scandium, which is on the 
one hand a transition element and on the other 
hand the group lanthanoid analogue. 

In the middle of 80-ties the investigation of 
ternary oxide systems began. The binary systems 
we had studied before were the basis of these 
investigations. Last years nearly 30 phase diagrams 
have been studied first in temperature range 1250- 
2800 °C: Hf(Zr)02 - MgO - Y202, Hf(Zr)0, - 
CaO - Y203, Zr02 - A1203 - REE-oxides, 
Hf(Zr)02 - Y202 - REE-oxides, Hf(Zr)0, - CeO, 
- Y202, Hf(Zr)02 - Ti02 - A1,03, HfO, - ZrO, - 
A!(Sc,Y)203, Hf02 - Zr02 - TiÖ2. 

The common feature of the studied systems 
is the absence of ternary compounds, i. e. the 
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interaction character in boundary binary systems 
defines the phase equilibria in ternary systems. The 
most typical feature of the systems including 
titania, hafhia, zirconia, magnesia, calcia, REE- 
oxides is the formation of solid solution regions of 
different extension on the base of different crystal 
modifications of initial components and 
intermediate compounds of the binary systems. In 
Al203-containing systems ternary solid solutions 
actually were not found. The existence and absence 
of solid solutions defines the design of different 
materials types, especially structural ceramics. 

The studied systems became the base for 
creating of high-performance materials for 
engineering industry, medicine, power 
engineering, metallurgy and other branches. Just so 
- from phase diagram study to materials design - 
Prof. S.G.Tresviatsky saw the evolution of these 
researches when starting them in the department. 

The following candidates of chemical 
sciences: Pavlikov V.M., Lugin L.I., Kuschewsky 
A.E., Ogorodnikova A.A., Maister I.M., 
Gerasimjuk G.I., Nigmanov B.S., Obolonchik 
T.V., Red'ko V.P., Andrijevskaya O.R., Lakiza 
S.M., Zajtseva Z.J. and others took part in these 
investigations. 
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PHASE DIAGRAMS FOR THE Zr02-Y203-Ln203 SYSTEMS 
AND FIELDS OF ITS APPLICATON 

Andrievskava Elena R.. Lopato Lidiya M. 
Institute for Problems of Materials Science NAS of Ukraine, Kiev,Ukraine 

The systems Zr02-Y203-Ln203 (where Ln= La, 
Sm, Eu, Gd, Er) are perspective from the 
standpoint of creation high refractory materials 
and ones with increased strength characteristics in 
which the composition of both matrix and 
strengthening phase is the same. Zirconia-based 
materials are used in high-temperature thermal 
barrier coatings, solid electrolytes, oxygen and 
chemical sensors, fuel cell membrane, rods for 
nuclear reactors etc. 

However, phase equilibria in the mentioned 
ternary systems were not studied. First, the phase 
equilibria in the systems were studied on melted 
and annealed samples in the wide range of 
temperatures (1250-3000 °C) and concentrations 
by experimental methods: X-ray diffraction, 
thermal analysis in air using a solar furnace at 
temperatures to 3000 °C, differential thermal 
analysis in He at temperatures to 2500 °C, 
microstructural and petrographic analyses, 
electron microscopy and theoretical means: 
development of a mathematical models for the 
liquidus surfaces by a reduced polynomial 
method. 

Isothermal sections of these phase diagrams at 
1900, 1600, 1550, 1500 and 1250 °C were 
created. No new phases were found. Phase 
equilibria are determined by the constitution of 
the boundary binary systems. Solid solutions are 
based on hexagonal (H and A), monoclinic (B), 
cubic (C and X) polymorphous forms of the rare 
earth oxides, monoclinic (M), tetragonal (T), 
cubic (F) Zr02 as well as ordered phases 
crystallizing in perovskite-type structure with 
rhombic distortions LaY03 (R) in the system 
Zr02-Y203-La203 and cubic pyroch lore-type 
compound Ln2Zr207 (Py) in the systems Zr02- 
Y203-Ln203 (Ln= La, Sm, Eu). 

Phase equilibria in these systems correspond to 
relatively high thermodynamic stability of the 
lanthanum zirconate (AH=80-126 kJ/mol), which 
reacts with the all phases of the system. Third 
component dopant (Zr02) was stated to expand 
the temperature interval of R-phase existence. 
Mutual dopant effect of the component on the 
polymorphous transformations is analyzed. The 
variation of the homogeneity field boundaries for 

the pure components and intermediate compounds 
Ln2Zr207 and LaY03 as well as their thermal 
stability is depended on the relation between ion 
radii of the cations. These regularities are 
experimentally revealed and discussed in view of 
spatial model of the substitution-type solid 
solutions. 

The liquidus and solidus surfaces of the 
systems Zr02-Y203-Ln203 (Ln= La, Sm, Eu, Er) 
are described. 

The liquidus surface of the Ianthana system 
consists of five fields of phase-primary 
crystallization based on F-Zr02, C and H-Y203, 
X-La203, La2Zr207 (Fig. 1). It also includes three 
four-phase invariant equilibria, there are peritectic 
types. The coordinates of the invariant points: 
29 mol % Zr02, 42 mol % Y203 at 2250 °C (U,), 
12 mol % Zr02, 66 mol % Y203 at 2200 °C (U2) 
and 24 mol % Zr02,24 mol % Y203 at 2070 °C (U3). 

Four fields of primary crystallization of C-, H- 
Y203, F-Zr02 and X-Sm203 phases form the 
liquidus surface of the ZrÖ2-Y203-Sm203 system 
(Fig. 2). There are two four-phase invariant points 
of peritectic-type reactions with the coordinates 
15 mol % Zr02, 50 mol % Y203 at 2330 °C (U,) 
and 13 mol % Zr02,70 mol % Y203 at 2360 °C (U2). 

The liquidus surface of the Zr02-Y203-Eu203 

system is consisted of four fields of phase primary 
crystallization based on the Zr02 phase with the 
fluorite-type of structure and H, C forms of Y203 

as well as X-Eu203 (Fig. 3). There are two 
invariant points four-phase equilibria of 
peritectic-type on the liquidus with the 
coordinates 20 mol % Zr02, 50 mol % Y203 at 
2340 °C (U,) and 20 mol % ZrO,, 40 mol %~Y,03 

at2310°C(U2). 
The system Zr02-Y203-Er203 is characterized 

by the formation of extended solid solutions 
based on the fluorite-type form of Zr02 and cubic 
and hexagonal forms of Y203 and Er203 (Fig. 4). 
The boundary curves of these solid solutions have 
the minima at 2350 °C (18.0 mol % Zr02, 39.0 

. mol % Y203) and 2330 °C (12.5 mol % ZrO,, 
41.0 mol %Y203). 

The phase diagrams evolution of the ternary 
oxide systems Zr02-Y203-Ln203 is under 
consideration (Ln203 is the rare earth oxides). 
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Such evolution originates from ion radius 
decrease in the row of sesquioxides from La3+ 

(0.114 nm) to Lu3+ (0.084 nm). The phase 
diversity in these systems is defined by the 
relation between ion radius of Ln3+ and that of 
Zr4+ (0.083 nm) or Y3+(0.092 nm). 

ZrO. '2,2700 

80 
76:2315, ej 

70 
B7;2340,Py, 

80, max, 2755 

40 
37:1960,1 

/o O    10 To 30 AO SO 60 70        SOP?    90     VQL 
™0 3* rnC.% ««*«        .2«0 

Fig. 1. Projection of the liquidus surface for the 
Zr02-Y203-La203 system (O - experimental 

points). 

26,2180 

to     SO     30     -to     so     eo     70     »     90     100 
Sm203 p Y203 

2310 mol%   2 2440 

Fig. 2. Projection of the liquidus surface for the 
Zr02-Y203-Sm203 system (calculated). 

The minimal melting temperature for the Z1O2- 
Y2O3-EU2O3 system is 2130 °C (e2), maximum 
temperature of the liquidus surface is equal to 
2750 °C, which corresponds to the melting point 
of 80 mol % ZrO2-20 mol % Y203. 

»O 20 3D 40 SO        pgBO        TO        BO 90        V Q 

Fig. 3. Projection of the liquidus surface for the 
Zr02-Y203-Eu203 system (O - experimental 

points). 

ErJX  10     20     30     40     5°    so     70     so     90   Y203 
2434 mol% 2440 

Fig. 4. Projection of the liquidus surface for the 
Zr02-Y203-Er203 system (O - experimental 

points). 

The closer are rLn3+ and rzr4+ the simpler is the 
diagram constitution. For instance, the liquidus 
and solidus surfaces become simpler from La2Ü3 
to Er203. 
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INTERACTION IN PHASES OF TERNARY Fe(Co, Ni)-B-C SYSTEMS 

Makara V.A., Kiidin V.G. 

Phisical Department of Kyi v National Taras Shevchcnko University, 64 Volodymyrska Str.. 01033 
Kyiv, Ukraine 

"1 he materials on a basis of carbides, borides, Q0 r 
carboborides of metals have wide application in ^-_,.-—^__ ,_.—_, 

various spheres of a national economy. But their \   °".    '„ '-    '   • = «)•  "    /■  ,°   / 
use has the large prospects, as the modifying by \   '; ';  ■»   ■■    °°<w--  '        / 
their various additives essentially changes their \   « "■  ='„ -°  °,.r:   ■   ■       / 
properties. In this respect urgent there arc items of \   ■/,.   „,      :   <• 
information   on   thermal   properties   both   phase \ a   '      '   ° /' 
equlibrium of compounds and compositions on \  . so    -20 -15     / 
their basis, which should be investigated experi- \ ,s  ■    "     ;   / 
mentally, and also to simulate because of this re- \ ■ /        / 
fractory and high hardness. V"  .. -• ' / 

The puipose of the present work was to inves- \,,;E,/ 
tigate interaction in quasibinary FeB3(Ni;jB,Co.,B)-C V/ 
in a solid and liquid condition, and also to predict B 
character of interaction in a wide interval of compo- Co-B-C 
sition of tcmaiy alloys of Fe(Co,Ni)-B-C systems. Fe __ __       ß 
Samples for study phase equilibrium prepared by X-W 
hot-pressing well crushed powders of compounds '-,,     -ß0" \        ' / 
C'o.iB, Ni3B, FeB2 of the mark "pure" and spectral- \    . "   lid/' 
pure with pure gi'aphite, then melted in the arc- 
furnace. The obtained alloys alloed at 1500 and 
2000 K during 8 h and 1 h. accordingly. X-ray, met- 
allographic and differential-thermal studies have 
shown, that all three systems are eutectics one. The 
temperatures and composition for proposed eutectics 
are given below: 
FCBVC 1815 K.        26 weights % 
Co,B-C        1739 K.       34 weights % 
Ni313-C 1700 K.        45 weights % ^ £ 

The alloys of these sections also were inves- 
tigated by a high temperature isoperibolic calo- 
rimetry at 1900 K. Samples from graphite heated \10".■       •-■ .     ■ 
up to  1600  K.  and  in  liquid bath was placed \, °20° s    . „ 
remelted alloys. Determined enthalpies of mixing \ o     "'/ 
have appeared small values, that is visible from \ °   *        ~30 

the given below data. 
All. ld/mol \     : 

System x 0.05      0.1 0.15      0.2 \ ■■ 
FeBrC 2.3        3.6        4.4        5.9 
N13B-C 3.8        5.2        6.3        7.8 \' ... 
C03B-C 3.3        4.2        5.1 6.2 X---"'/ 

From known thcrmochemical properties of 'w-' 
binary boundary systems [2] by use Toop equa- Q 

lion and non-symmetrical Bonier-Caboz method Ni-B-C 
the same parameters for ternary Fe(Co,Ni)-B-C Fig. 1. Isoenthalpy of mixing in ternary melts 
systems in wide composition interval (fig. 1) are , Fe(Co, Ni)-B-C. 
predicted. 
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It is visible, that the strongest interparticle 
interaction is characteristic for threefold system 
Fe-B-C, which can predict formation of new com- 
pounds. 

Using all set of the thermodynamic data and 
the known items of information about phase equi- 
librium have been simulated state diagrams of 
ternary systems, i.e Fe(Co,Ni)-B-C. The received 
data in the form of isothermal sections are given 
in a fig. 2. 

0.2 0.4 0. S 0. 8 1. 

MOLB_FROCTION    B 

Fe-B-C 

0 0.2        0.4        0.G        0. B 

nOLQ.FRflCTION   B 

Co-B-C 
Fig. 2. Isothermal sections of ternary Fe(Co, Ni)- 

B-C systems at 1000 K. 

It is necessary to note, that agrees of the deter- 
mined state diagrams in them the ternary com- 
pounds are not formed. It has been confirms char- 
acter of interaction in a number of ternary Me-B- 
C systems, but will not completely be coordinated 
to diagram of state for Fe-B-C, given in Ref.[2]. 
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COMPUTER MODELING OF GAS EUTECTIC REACTION 

Shapovalov V.l. 
Sandia National Laboratories, Department of Energy, USA 

National Metallurgical Academy of Ukraine, Dnepropetrovsk, Ukraine 

Introduction in   passing   a   gas 

Simultaneous formation of solid and (hydrogen) 
gas from the liquid takes place in M-H alloys 
having gas-eutectic compositions. This reaction 
was named gas eutectic reaction [1-3]. 
An ordered combination of phases termed gasarite 
may arise  from a gas eutectic reaction.  It is 
comprised of a polycrystalline solid matrix and 
continuous oriented pores filled with hydrogen. 
The  gasarite  forms  at  solidification  velocities 
ranging from 0.05  to 5  mm/s. The hydrogen 
content and the gas pressure largely determine its 
morphological characteristics over the solidifying 
melt. 
Short-range order of pores with a coordination 
number of about 6 is observed in a plane normal 
to the direction of solidification. 
The pore size distribution is dependent on gasarite 
formation conditions and is nonuniform, because 
concurrent growth of large and small pores is 
possible. 
As the solidification front advances, the average 
pore diameter is increased and neighboring pores 
may coalesce now and again. No branching of 
pores ever occurs. 
A pore may have periodic necks over its length. 
Pore growth arrest and nucleation of new pores 
may occur all through the solidification. 
No gasarite pores are nucleated on the mold 
surface. A nonporous metal skin 0.05-5 mm thick 
forms first. 
In what follows, an attempt is made to explain 
mechanisms of phase nucleation and growth in 
gas eutectic reaction on the basis of experimental 
data. 

Major Results 

Nucleation. It is believed that nucleation of a 
gaseous phase in a liquid is heterogeneous, i.e. 
occurs on existing discontinuities in the liquid 
bulk or at the liquid/solid interface. The 
discontinuities may vary in nature, like 

•   gas    bubbles    entrained    from    the 
atmosphere  during  melt  pouring  or 
stirring. 

• bubbles   formed 
through the melt, 

• small bubbles caused by cavitation, 
• small pits on the surface of high- 

melting particles suspended in the 
melt, 

• small pits on the mold walls, 
• regions where the liquid does not 

contact the solidification front. 

The gaseous phase nucleation in formation of 
ordered gas-solid structures may occur at the 
solidification front or on high-melting particles 
suspended in the liquid ahead of the front. The 
first mechanism would seem more viable. The 
critical radius of bubble nuclei is shown to 
hyperbolically decrease with pressure. The bubble 
nucleation rate is increased accordingly. 

Gasarite growth. In the gasar process, solid 
metal precipitates from the liquid simultaneously 
with gas. No decrease in pressure is necessary for 
this to happen. Moreover, increasing pressure is 
commonly needed to produce an ordered 
structure. 

Gasar pore formation follows a mechanism 
distinct from that of evolution of gas in 
carbonated beverages or bubbling in a boiling 
liquid. Furthermore, the ellipsoidal pore growth 
cannot be ascribed to stretching of gas bubbles by 
the advancing solidification front. 
The gasar pore growth proceeds by hydrogen 
transverse diffusion ahead of the solidification 
front and concurrent advancement of the solid and 
the gaseous phase into the melt. When the growth 
rates of the two phases are equal, an "ideal" 
structure including cylindrical channelways in a 
nonporous matrix should form. 
Unlike in solid-solid eutectics, the gasarite pore 
spacing is determined not only by diffusional self- 
adjustment. Rather, it is a function of the 
nucleation conditions and the solidification 
pressure 

A pore may be terminated by any of the following 
causes: 

46 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

nucleation of a new pore in a space 
between the growing pores, 
supplementary removal of heat from 
the bubble tip via thermal radiation 
into the channelway, and pressure 
reduction in the pore due to the gas 
average temperature declining as the 
pore extends. 

Pore coarsening in growth of a gas eutectic may 
be caused by wedging (see Figure on top) or pore 
coalescence (see Figure on bottom). Wedging is 
mainly observed at low, and coalescence at high 
void fractions. 

Liquid alloy 
saturated with 
hydrogen 

Pores filled with 
hydrogen 

Solid alloy 

Heat removing direction 1111111111 
Some conical pores result from wedging while 
their massive formation is due to pressure changes 
in solidification. 

Corrugated pores may form due to periodical 
changes of pressure above the melt. Similar 
effects are caused by repeated detachment of 
bubbles from the solidification front. 

Pore orientation in gasarite is determined by the 
shape of the solidification front, because the 
growth vector direction of a pore is always normal 
to the front at its location. 
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COMPUTER STRUCTURE-IMITATING MODEL OF SPHERICAL 
PARTICLES SINTERING 

Alievskv V.M.. Kadushnikov R.M., Nurkanov E.Y., Skorokhod V.V. 
Urals State Technical University, Ekaterinburg, Russia 

Computer structure-imitating model of spherical 
particles sintering is used for computational 
experiments, representing the sintering process 
from a viewpoint of its representation in three 
stages: filling, sintering, recrystallization and 
normal grain growth. 

Initial green compact is formed during the filling 
stage. Random close packing (RCP) of spherical 
particles represents initial unordered structure of 
powder body. To create RCP from spheres with 
different sizes in a bunker with flat-walls we use 
an algorithm based on the following physical idea. 
The spheres are generated according to the chosen 
law of size distribution and are dropped to the 
bunker either from one point, or from randomly 
chosen positions. As soon as the dropped sphere 
encounters an obstacle - the bunker wall or an 
already packed sphere - it sticks to it (without 
impact) and begins to slide on its surface in the 
direction of the minimum of the potential energy 
to the following obstacle. (This direction is a 
projection of the free fall direction on the surface 
of the obstacle.) The movement of the sphere 
stops, obviously, at a point of intersection of 3 
surfaces (3 spheres. 2 spheres and 1 plane and 
etc.) or on a surface situated perpendicular to the 
direction of the free fall of the sphere (for 
example, on the bottom of the bunker). 

The constructed random close packing of spheres 
represents the initial data for the second stage - 
simulation of the evolution of the spheres during 
sintering. For deriving the equations of movement 
and dynamics of the sizes of the sintered spheres, 
the main incentive was to satisfy the equations of 
sintering kinetics for each pair of contacted 
spheres in the system. Initial powder body is 
represented by the random close packing of N 
spherical particles: S,-fÄ/.r,-,Vj), i=].N; A,--radii of 
the spheres, r, - coordinates of their centres, v,- - 
velocities of the spheres, located in a bunker 
limited by flat walls. 

It needs to take into account the interaction of the 
contacted spheres, resulting in sintering, in case of 
contact presence or appearance. Distance between 
the centers of contacting spheres is the following: 

N |r,-- r,-j <R, + R, 

Equations of sintering kinetics for all pairs of 
incident (contacting) spheres can be written down 
in the following form: 

(the last entry means, that "j is incidental to i"). 
To use clause (1) as a "tendency" of movement 
for the spherical particles system let us construct 
the deviation functional 

and add the antigradient Q with a weight 
multiplier // in the right part of the equations of 
Newton 

(3) f'-v'   , 
[mi\i=¥i 

The conservation of weight means that during 
movement and sintering the volume V of the 
geometrical union of spheres remains constant: 

«• \oli     dRi   ) 

Let us balance the change in volume V of the 
union of spheres connected with movements of 
some sphere 5, with the change in the radius R, of 
this sphere [1]: 

dV .      ÖV  ■      A 

or,.        dRi 

Thus,   we   receive   the   following   equations   of 
dynamics of the radii of the spheres: 

Ri=\ri\Ei/\S,\. (6) 

So the resulting equations of movement (3) should 
look as follows: 

^v,-//x(v,-/{.v|K)(4vl)+/1'v!K 
" V-lf ' 

*'=*3i^-#'-^ ,(7) 

R; 
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where m: = 4/3xpRf\ p - density of spheres' 
material, F, - sum of the external forces, affecting 
each sphere, /u - weight multiplier, actually 
responsible for the degree of sintering affecting 
the movement of the system of spheres, 

dV 
\S\=\\ds 

8R: 

area of the free surface O, of 

dV     _       rrr.      , 
the  z'-th  sphere,    = -=■,=     TTT11"5   can be 

dV 

an    ' nn 
interpreted as an area of projecting the occupied 
surface *P,- of the z'-th sphere on the plane, normal 

to r, (n - solitary vector of normal to the surface), 

V- volume of spheres' union. 

The third stage is totally determined by movement 
and sintering of the spheres, that is why it is 
necessary to continue integrating system of 
equations (7). Effects of the normal grains' 
growth are reflected only in equations for 
dynamics of spheres' sizes, exactly, for spheres 
with the surface, totally closed by the neighbours 
(not causing effect on conservation of the mass), 
equations of dynamics of normal grain growth are 
used: 

R. R. 
(8) 

Hereby, in some moment of time t the state of a 
physical system is described by a set of positions 
and velocities of the particles {r-,(t), vfi), i=l,N;}. 
Cycle of a time step is recalculating these values, 
using forces of interaction and movement 
equations to obtain the state of a system in a later 
moment of time t+dt. 

It is necessary to specially bring attention to the 
functionalrijl), that is determined as follows: 

v.. u = 44'    M- B 
 £ = 

/,        \m-\ ' L(0) 
ms{l-s) to,- 

,(9) 

It is possible to get expression (9) if 
differentiating by time the known 
phenomenological formula [2] describing kinetics 
of initial stage of spherical grains' sintering 

„(0) 

-<°> Bt 

where   r.. 
.(0) 

- the current and the initial 

distance between the centres of contacting 
particles, B and m are the constants, determined 
by the matter type, and a mechanism mass 
transportation. For the mechanism of viscous flow 

m ■■ I    B=  A/ .(0) I- -3a/ 
x4z7 

where r/ - viscosity coefficient, a - surface 
tension (specific surface energy), X - actual initial 
speed of approach for the centres of contacting 
spheres. 

Integrating of equations (7) results in a complete 
description of structure genesis and the spherical 
particles ensembles evolution while sintering (pic. 

D- 

t=o 

t=0,75 t=l,25 
Pic. 1. Stages of sintering of the spherical particles 
packing. Stage (t=0) is presented by view both of 
initial packing and its cross-section. 
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CORRELATION EFFECTS IN MATERIALS AND MODELS FOR THEIR 
DESCRIPTION 

Shpak A.P., Ristic M.M.(,), Kunitsky Yu.A.(2), Pryadko L.F.(3) 

Kurdumov Institute of Metal Physics of Ukrainian AS, Kyiv 
(1 'institute of Technical Science of Serbian ASA, Belgrade 

(2)Technical Centre of Ukrainian AS, Kyiv 
(3)Francevich Institute for Problem of Materials Science of Ukrainian AS, Kyiv 

New paradigm of Materials Science 
appeal to the first principles of quantum 
statistical physics [1]. Structure and properties 
of substances and materials from the objects of 
evolution (geochemistry, biochemistry) to 
advanced technologies (nanotubes, fullerens) 
can be described in terms of the axiomatical 
Shredinger equation and it solutions [2]. 
The one-electron approach in this sence is the 
first succeful project of the mentioned 
paradigm. It conceptual apparatus cover the 
models of Bohr atoms and chemical 
interatomic bond, insulating, metallic and 
semi-conductor crystals, impure, disordered 
and many other types of condensed systems. 
The development of Materials Science 
depends upon the progress of computing 
physics now, and it is frequently reduced to 
the mathematical modeling; the databanks 
about band structure and the Fermi-surfaces 
catalogues have turned to the technologist's 
tool [3]. 
Today the conception of the Hartree-Fock 
independent electrons has become "zero 
approach" for more exact analysis of the 
Shredinger equation [4]. This new project is 
intended to develop conceptual apparatus 
concerned to the description of the correlated 
electrons systems including superconductive 
and magnetic materials, intermediate valence, 
heavy-fermions, Kondo-system [5]. 

By definition, the correlation interactions 
describe the variety of the effects with 
different physical origin and are incorporated 
by common property of "nonelectron nature". 
Their study was set up by "the points of 
growth" arising from the critical needs of 
technology and new opportunities of the 
electron theory. Variety of investigated 
correlation effects requires systematization, 
classification  of materials,  which  they  are 

shown  in,  typing  of "batch  behaviour"  of 
system-complex of their properties [6]. 

The most important correlation states have 
been submitted schematically in space of their 
fundamental contributions relatively to the 
mean energy (per electron) E: 1) kinetic 
energy (T); 2) evectron-ion interaction; 3) 
electron electron-electron interaction (Fig.l). 

Fig.l. The areas of the various correlation 
behaviour of condensed system in T-V-U- 
space 

It corresponds to the use of basic 
qualitative criteria in plasma-systems - degree 
of compression, relative interparticle 
interaction and propensity of formation of the 
localized states. The basic plane T-V will be 
transformed to the Hartree-Fock area by means 
of the screening effects. Further it is possible 
to separate the areas of weak-binding electron 
behaviour (Tv) from its tight-binding 
behaviour (VT). Plane T-U corresponds to the 
correlation behaviour in free electron gas, and 
area Tu represents the field of applicability of 
random phase approximation while UT area is 
the field of the Wigner crystallization. In the 
similar way UT area is the Hubbard crystall 
with strong electron correlation. The most 
interesting area T-V-U-body (inside the traced 
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triangle), sory to say, is not yielded to a simple 
quasiparticle interpretation. 

Generelly, the structure of the correlation 
terms U, is complicated, but at T>V they may 
be sorted in the Bloch representation, and their 
most important part is taken into account in 
approach of "correlation hole". In case of T<U 
it is expedient to use the Wanier basis and to 
allocate from intraatomic (U) and interatomic 

(IT) parts, each of them, in turn, includes the 
Coulomb (K) and exchange (J) components. 

The universal character of such division 
assumes unity of laws of the alternation of 
phases in T-V-U-space, both for different 
materials, and for one material at the variation 
of the external conditions (pessure, 
temperature, electrical and magnetic fields). 

H 
H=T+V 

H 

H cd 

H 

U 

Ud 

u:, 

Kd 
Jd 

Kd 
Jd 

±t 

u pcd 
Kcd 
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transition 

»-Magnetic transition 
^Charge-ordered 

state 

Electronic valence 
"transition 
„Intermediate valence 
state 

-» Plasma exitations 
Exitons 

Materials 
(V1 _xCr )x03, NiO 

La2 Cu04,CdCr2X4 
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Ce,Nil2 

SmBg, CeNi2Si2 

Metals 
Insulators 

Fig.2. The correlation effects in Materials containing localized and collectivized electrons 

The body of this structure is represented 
on Fig.2. Here the most typical exemples of 
changing phase materials states correspond to 
principle types of interaction between 
collectivized (c-) and localized (d-) electrons. 
The effects of c-d-interaction in transition and 
rare-earth materials with variable atom valece 
have been discussed in oyher paper [7]. 
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MATERIAL SCIENCE ASPECTS OF PROPERTIES AND STRUCTURES 
DEGRADATION OF BOILER ELEMENTS AFTER LONG OPERATION 

Piskalenko V.V., Gromnv V.E., Tsellermaer V.Ya. 
Siberian State University of Industry, Novokuznetsk, Russia 

The steam boilers elements are exposed to the 
intensive and long operation in difficult conditions 
of thermal and mechanical loadings. Therefore the 
requirements produced to materials of which 
details of heat power installations are made, are 
always very high. 

New express methods of an estimation of 
serviceability of the equipment and system of the 
continuous control of material condition arc 
necessary. Such problems can not be solved 
without deep understanding of physical and 
chemical processes of metal characteristics 
change. In the given situation the comparative 
researches of structure and properties of materials 
after various long periods of boiler installations 
work are rather useful. 

In this work the change of mechanical properties 
and structures of boiler pipes from steel 10 
(0.13%C: 0.44%Mn: 0,23%Si; P, S <0,02 %) after 
50 years of operation at working pressure < 
1.5MPa and temperature <250°C were 
investigated. 

The measurement of acoustic waves velocity by 
autocirculation pulses method was applied to an 
estimation of structure stress-strain state of a 
material. 

As a result of operation there was a change of all 
basic mechanical characteristics. The yield stress 
and tensile stress have decreased accordingly on 
27.5 % and 16,5 %, and specific elongation before 
break and reduction of area - have increased by 
15.7% and on 9%. 

Table 1. 
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Steel 10 in a 
condition of delivery 

364 510 25,4 56 2851±2 

Steel 10 after 
operation (50 years) 

264 426 29,4 61 2865±0,2 

In an initial condition steel has the ferrite-pearlite 
structure where the pearlite volume fraction does 
not exceed 35%. The boundaries of the fcrnte 
grains are thin and precise. The precipitations of 
carbide phases are absent both in the body of 
ferrite grains, and on the boundaries. After the 
long operation the structure becomes very non- 
uniform. The alongside with sites where it has 
remained practically former, there are the zones of 
local recrystallizalion where the average size of a 
grain has increased from 17.6 microns up to 22,2 
microns. In these zones there is no the pearlite 
component. On the other hand, the increased 
content of pearlite is observed on the edges of 
such zones. Obviously, the strong disorder of 
microhardncss from 1430 up to 1700 MPa is 
connected with these facts. Also it is important to 
note, that the fracture of the samples took place in 
area of such recrystallization zones. 

The two competing points of view exists 
concerning the reasons of decrease of constructive 
strength of metal of the heat power equipment. 
According to the first [1-3] there is an ageing, 
isolation of the carbide phase and its 
transformation to the complex one and, then, in 
chromic. It also proves to be true by our 
researches executed on steel 12X1 MO [4], 
However the result of such processes is the metal 
embrittlemcnt and the occurrence of thermal crack 
during long operation. 

In steels, without carbide forming elements the 
processes structures degradation proceed in 
another way [5]. First, the decarburization of steel 
occurs very slowly. Second, there is the decay and 
the redistribution of pearlite component. The 
recrystallization processes are definitely took 
peace at last. All these processes results in 
decrease of strength characteristics and to growth 
of plasticity of metal. In the present case as a 
result of long operation there were described 
above phenomena (growth of a grain, pearlites 
redistribution and the decrease of microhardncss 
due to decarburization). 
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Conclusions: 
1. It is established, that as a result of long (50 

years) operation boiler pipes (steel 10) there 
was a decrease of yield stress on 27 %, tensile 
stress - on 16 % and increase specific 
elongation before fracture - on 15 %. 

2. These changes of mechanical characteristics 
were consequence of steel structures 
degradation due to redistribution and partial 
decay of pearlite component, growth of ferrite 
grains in separate zones and, apparently, in 
decarburization. 

3. Processes of degradation of mechanical 
properties and structure of a material were 
accompanied by regular changes of velocity 
of distribution of ultrasonic waves that opens 
prospect of use of an acoustic method for 
diagnosing of the heat power equipment state. 
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KINETICS OF DIAMOND SPONTANEOUS CRYSTALLIZATION 

Turkevich V.Z. 
Institute for Superhard Materials of the Ukrainian National Academy of Sciences, Kiev, Ukraine 

Synthetic diamond powders are produced at 
high pressures and temperatures by crystallization 
from a carbon solution in melts of carbon-metal 
solvents multicomponent systems. The kinetic 
regularities of diamond spontaneous crystallization 
define the quantity of nuclei, the rate of their 
growth, the presence of defects and inclusions of 
the growth medium in crystals, and, hence, their 
strength and thermostabihty. Away from the 
graphite-diamond equilibrium line deep in the 
diamond thermodynamic stability region, a great 
quantity of low-strength crystals with a 
considerable concentration of inclusions can be 
produced at a high rate and in a short time [1, 2]. 
Close to the equilibrium line, a lesser amount of 
high-strength crystals with a small number of 
defects nucleates and grows, and the time of 
crystallization is two orders of magnitude 
increased [3]. Of great importance is also the type 
of a metal solvent as the key quantities, which 
define the kinetics of crystallization, like the melt- 
crystal interfacial energy and the coefficient of 
carbon diffusion in the melt vary as a function of 
it. A rate of diamond spontaneous crystallization is 
observed to decrease in the following series of 
systems: Ni-Mn-C, Fe-Ni-C, Fe-Al-C, Cu-Mn- 
C, the p,T-parameters being approximately the 
same [4, 5]. 

The diamond spontaneous crystallization from 
melt solution of the Mn-Ni-C and Fc-Ni-C 
systems starts at high pressures immediately after 
melting of the Solid solution + Carbide + Graphite 
ternary eutectic. The diamond crystallization from 
the melt solution of the Mn-Ni-C and Fe-Ni-C 
systems is limited by thermally activated diffusion. 
For this reason, a rise in temperature considerably 
speeds up crystallization. The activation energy of 
the diamond crystallization in the above systems is 
evaluated to be 150±70 kJ-moI'1 [6]. 

For the diamond crystallization in the Fe-Co-C 
and Fe-Al-C system, the overheating by 100 - 
150 K above the temperature of ternary eutectic is 
needed [7, 8]. Due to relatively low rates of 
diamond crystal growth, the Fe-Al-C system is 
used only to grow large diamond crystals by the 
temperature gradient method. For the efficient 
diamond spontaneous crystallization from the melt 
of this system, p,T- parameters, which are deep in 
the diamond stability region, are required. This, 

however, presents no technical problems for a 
toroid-type high-pressure apparatus. The results 
obtained at 6.5 GPa and the temperatures of 1720, 
1820 and 1920 K using a cubic anvil type high 
pressure apparatus at the SPring-8 are shown in 
Fig. 1 as the degree of the graphite-to-diamond 
conversion (a) vs. time [8]. 
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1. Degree of graphite-to-diamond conversion 

versus temperature plot for the diamond crystallization 
from the Fe-Al-C melt at 6.5 GPa and temperatures 
1720, 1820, 1920 K. Solid lines are calculated kinetic 
curves. 

To process the kinetic data, we have used the 
Avrami relation [9]: 

-ln(l-a)=*-/' 

The Avrami relation best describes 
experimental data at the following values of the 
equation order: r = 1.08 (1720 K), r = 1.277 
(1820 K), r = 3.709 (1920 K). The r = 1.08 and r = 
1.277 values indicate that diamond crystallization 
in the Fe-Al-C system is characterized by an 
instantaneous nucleation and is controlled by the 
carbon diffusion to the surface of a growing 
diamond crystal. The value r = 3.709 at 1920 K 
indicates that we are dealing here with the process, 
which is characterized by nucleation proceeding at 
a constant rate and controlled by the processes on 
the surface of a growing crystal. It is obvious that a 
temperature of 1920 K is sufficiently high both for 
the new nuclei to form in the course of 
crystallization and kinetic difficulties due to the 
carbon diffusion via melt to be overcome. 
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Fig. 2. Diffraction patterns of the Cu-Mg-C system taken at 6.5 GPa and 1370 K 

The observed change of the crystallization 
mechanism in the range from 1820 to 1920 K 
renders calculation of the activation energy from 
the available data impossible. The common 
tendency for a decrease in the crystallization rate 
with increasing temperature (Fig. 1) is explained 
by the decrease (with temperature) in the ultimate 
solubilities of graphite and diamond in the melt, 
which is a thermodynamic impetus to the graphite- 
to-diamond recrystallization. 

When employing copper, zinc or germanium as 
a solvent for carbon, the liquid phase appears in 
these systems at temperatures that do not exceed 
1300 K and the parameters of diamond production 
are 6 GPa and 1870 K [10]. The authors [10] 
attribute this fact to the insufficient solubility of 
graphite in the melt at low temperatures. With an 
increase in temperature, the carbon solubility 
increases and creates conditions for graphite to 
recrystallize into diamond via the liquid phase. To 
this type of unconventional solvents must be added 
alloys of magnesium with zinc and copper, which 
offer diamond production at 6 GPa and 1820 K [5]. 

Diamond crystallization in the Mg-C system is 
observed at 7.7 GPa and 2100 K, while the liquid 
phase appears at 1150K [11]. However, up to 
2100 K the melt is in equilibrium with MgC2 

carbide and only after melting of the carbide, a 
stable diamond liquidus is observed. There have 
been reasons to believe that a similar situation is 
true for the Cu-Mg-C and Zn-Mg-C systems, i.e. 
that the equilibrium with a melt of any crystalline 
phase retards the crystallization of diamond. 
However, in situ studies by x-ray diffraction with 
synchrotron radiation using a cubic anvil type high 

pressure apparatus at the SPring-8 have shown that 
even at 1200 K (6.5 GPa) the melt is in equilibrium 
with graphite (Fig. 2). No lines of other crystalline 
phases have been recorded. Thus, at 6.5 GPa the 
absence of the diamond crystallization below 
1800 K in the Cu-Mg-C and Zn-Mg-C systems is 
due to the necessity of overcoming kinetic 
difficulties (a low rate of nucleation, insufficient 
solubility). 
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PHASE COMPOSITION OF THE PRODUCTS OF INTERACTION 
BETWEEN EUROPIUM (III) FLUORIDE AND CERIUM (III) FLUORIDE 

Zinchenko V.F., Efryushina N.P., Markiv V.Ya.(,), Eryomin O.G., Bilyavina N.M.(1), 
Mozkova O.V.(2) 

A.V. Bogatsky Physico-Chemical Institute of NASU, Odcsa, Ukraine 
( 'Taras Shevchenko Kyiv National University, Kyiv, Ukraine 

(2) 
CDO "Arsenal", Kyiv, Ukraine 

Phase composition and structure of the phases 
produced in the system EuF3-CeF3 at equimolar 
ratio EuF3: CeF3 and various temperatures have 
been studied. Initial compounds were synthesized 
from the oxides Eu203 and CeO, by their 
dissolving in the hydrochloric acid (in the last case 
in the presence of II202 as reductor) and 
subsequent precipitation of fluorides using 
hydrofluoric acid. 

Obtained in such manner fluorides were melted in 
inert (argon) atmospheres in graphite crucible. 
Another portion of EuF3 was sintered as a pellet at 
1000JC in the vitreous carbon crucible. 

For studying interaction the samples of initial 
compounds were stirred, mixed and pressed as 
pellets of 20-mm diameter and 15-mm thickness. 
The pellets were inserted into vitreous carbon 
crucible and sintered consequently at 700, 800, 
900, 1000 and I100°C in inert (helium) 
atmosphere. One of the initial samples was 
quenched at 1 100°C in vacuum ~ 10""1 Pa. Another 
pellet was evaporated in the vacuum supply 
VU-1A to form thin film coat on the K 8 optical 
glass substrate. 

The obtained materials as well as deposited coat 
and refuse after evaporation by X-ray phase and 
structure analysis using automated DRON-3 
diffractometer. X-ray data of the products of 
interaction in the system EuF3-CeF, show 
significant change of the phase composition in 
comparison with the initial components. Such 
changes are especially expressive in a case of the 
samples, which were undergone vacuum treatment; 
thus the refuse after evaporation is absolutely 
avoided from CeF3 and contain mainly the phase 
EulVx (Table). 

The presence of Eu(II) - based phases has been 
proved by the diffusion reflectance spectroscopy. 
Spectral characteristics of the quenched samples 
contain a wide absorption band in UV and, partly, 

in the visible interval of wavelengths. Appearance 
of this band is the result of the presence of Eu in 
the different valence states. In addition to this, the 
spectral characteristics show ready weakening up 
to entire vanishing of the bands of 4f-5d-electron 
transition of the Ce(III) ions in the UV interval as 
well as of a narrow peak of 4f-4f transition for the 
Eu(III)ionat~395nm. 

All these data prove the deep chemical 
transformations, which take place in the studied 
system. The mechanism of chemical interaction 
between Eu(III) and Ce(III) fluorides was 
proposed. An oxidation-reduction reaction between 
the components occurs at high temperatures: 

EuF3 + CcF3 -» EuF2 + CeF4 

The motive force of this reaction is stabilization of 
the valence states Eu(IH) and Cc(IV) due to the 
donor-acceptor interaction between compounds: 

and 
EuF2 + EuF3 -> Eu;,F7, 

EuF, + CeF4 -> EuCeF, 

The above-described mechanism clarifies the fact 
of the significant decreasing of the Ce-phase 
content with increasing temperature and under the 
vacuum. The matter of fact that CcF4 is a rather 
volatile compound and it intensively evaporates at 
relatively high temperatures and essentially under 
the vacuum. At the same time the coat consists 
mainly of ß-EuF3 and, partly, of EuF2.r.. , i.e. the 
phase ratio is reverse to that for the refuse after 
evaporation. 

It worth mentioning that the coat reveals rather 
high optical and operational characteristics. Optical 
thickness of the coat was of 1.8 urn. Computer 
modeling showed surprisingly an increasing of the 
refractive index (//) from 1.56 to 1.61 with the 
increasing of the thickness of the film, the average 
value of« beine; about 1.59. 
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Scattering coefficient of the coat reaches 0.07-^-0.1 
% at the wavelength 0.63 um. 

Table - Effect of thermal and vacuum treatment on 
the phase composition and structural 
parameters of phases in the system 
EuF3-CeF3 (50 mol. %) 

# 
Character of 

treatment 

Phase 
composition and 

parameters of crystal 
lattices, Ä 

1 2 3 

1 700°C 

60% a-EuF3; 
o=6.6204;e=7.0155; 

c=4.3905 

40% CeF3; 
a=7.1235;c=7.2722 

traces of ß-EuF3; 
o=6.9846;c=7.1159 

2 
700°C (EuF3 

melted) 

46% CeF3; 
o=7.1321;c=7.2661 

33% a-EuF3; 
o=6.6204;e=7.0238; 

c=4.4101 

21%ß-EuF3; 
0=7.0347; c=7.2231 

3 800°C 

51%a-EuF3; 
a=6.6392; e=7.0317; 

c=4.3942 

36% CeF3; a=7.1252; 
c=7.2603 

13% ß-EuF3; 
o=6.9373;c=7.2719 

4 900°C 

47%CeF3;o=7.1296; 
c=7.2855 

45% a-EuF3; 
o=6.6406;e=7.0381; 

c=4.4031 

7% EuF2+x (ß-cub.), 
x~0.39; o=5.7638 

1 2 3 

5 1000°C 

43% a-EuF3; 
a=6.6803; 6=7.0762; 

c=4.4014 

42% CeF3; o=7.1180; 
c=7.2770 

15% EuF2.x (ß-cub.), 
x~0.37; a=5.7810 

traces of ß-EuF3; 
o=7.0196; c=7.2329 

6 1100°C 

37% ß-EuF3; 
a=7.0385; c=7.1793 

33% EuF2^x fa-cub.), 
x~0.10;o=5.8285 

30% CeF3; a=7.1668; 
c=7.2970 

7 
1100°C, 
vacuum 

44% EuF2+x 

(tetragonal), x~0.35; 
o=3.9675; c=5.6787 

36% ß-EuF3; 
o=7.0043; c=7.2820 

20% CeF3; 0=7.1068; 
c=7.2820 

8 
Refuse after 
evaporation 

89% EuF2+x (a-cub.), 
x~0.09; o=5.8230 

H%ß-EuF3; 
0=7.0159; c=7.1701 

9 Coat 

78% ß-EuF3; 
a=7.0349; c=7.1142 

22% EuF2.x (ß-cub.), 
x~0.39; o=5.7642 

The coat showed a high mechanical durability 
(about 18000 cycles without damage). 

This work has been supported by Science and 
Technology Center in Ukraine (STCU), project 
1356. 
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PROBLEMS AND PERSPECTIVES OF THE STUDIES OF DEFECT 
FORMATION IN SEMICONDUCTING SILICON 

Talanin V.l.. Talanin I.E., Levinson D.I.(1) 

Zaporozhye State Engineering Academy, Zaporozhye, Ukraine 
(1 Zaporozhye Institute of State and Municipal Government, Zaporozhye, Ukraine 

The technological level of deriving of 
semiconducting materials largely determines the 
development of modern electronic engineering. 
The dominating tendency of development is the 
complication and        miniaturization of 
semiconducting devices. With every new 
generation of semiconductor devices, the 
complexity and functionality of the devices 
increases and, hence, more transistors per chip are 
to be integrated. 

The semiconducting silicon is main material in 
such major areas of electronic industry as a 
microelectronics and nanoelectronics, force 
semiconducting electronics, functional electronics, 
optical electronics, photoelectronics, measuring 
engineering etc. During production of silicon 
monocrystals it is necessary to solve the problem 
of their structural perfection. Therefore the control 
about the defect formation processes and grown of 
silicon with a specific defective structure is one 
from major problems of modern materials 
sciences. 

Now grown the high purity silicon monocrystals at 
a simultaneous increasing of their diameters in 
which such structural defects as dislocations are 
not present (i.e. "dislocation-free" monocrystals). 
In that case the object of study is a 
thermodinamically stipulated defects of other 
nature. These defects are named as "microdefects". 

Structural microdefects formed during cooling of 
crystals after their growth which may include 
agglomerates of point defects (vacancies or silicon 
self-interstitials) and impurities. These structural 
defects can detrimentally affect reliability of 
semiconducting devices and their performance. 
Their sizes is 0.003...50 pm. Since only high 
purity silicon can be used in modern electronic 
industry knowledge of processes of formation of 
defects in a semiconducting material is necessary. 

According to a modern classification the A-, B-, 
D-microdefects and also area with simultaneous 
present so-called I (interstitial) and V (vacancy) of 
defects are exist [1]. 

Various theoretical models were suggested to 
explain the regularities of formation of 
microdefects in silicon. Main problems were the 
assumptions about the dominant type of point 
defects in crystal, their concentration, and 
interaction among themselves. In some models it 
was assumed, that the dominating type of point 
defects in crystal are interstitial atoms of silicon. In 
other models it was supposed, that the dominating 
type of defects are the vacancies. In contrast, were 
suggested simultaneous independent coexistence of 
both main types of point defects at high 
temperatures. 

The sense of commonly accepted Voronkov model 
[2, 3] consists of the following: a) existence of 
recombination between self-interstitials and 
vacancies for temperatures close to temperature of 
smelting; b) was supposed that only vacancy 
nature for primary grown-in microdefects; c) 
independent existence areas with only interstitial 
and only vacancy microdefects. 

None of these models could explain experimental 
results, which were obtained later such as Refs. [1, 
4-12]. On base of this results the Voronkov model 
requires a following clarifications: 

a) The recombination between vacancies and 
self-interstitials for temperatures close to 
temperature of smelting is very hampered. 

b) Primary grown-in microdefects are vacancy 
and interstitial defects. 

c) In the "vacancy area" of the crystals which 
grown in "vacancy" regime of growth contains 
simultaneously interstitial and vacancy defects in 
identical concentration. 

Thus, on base of numerous experimental results we 
offer the physical model of microdefects formation 
and transformation in semiconducting silicon [1, 
12]. This model is based on such positions: 

a) Approximate equality of concentration of 
vacancies and silicon self-interstitials at the 
crystallization front near to smelting temperature. 

b) The recombination process of intrinsic point 
defects at a high temperatures is hampered. 
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c) The impurities of oxygen and carbon are 
centres of microdefects nucleation and take the 
part in process of further growth and 
transformation of microdefects. 

d) Disintegration of oversaturated solid solution 
of intrinsic point defects on two independent 
mechanisms: vacancy and interstitial. 

The our model is shown in a Fig. 1. The offered 
model of nucleation, growth and transformation of 
microdefects can be used for the both of crystal 
growth methods: floating-zone method and 
Czochralski-grown method. Thus, irrespective of a 
method of growth of dislocation-free silicon 
monocrystals at the their cooling from the 
crystallization temperature the nucleation of 
vacancy and interstitial microdefects are happens 
which will be transformed in interstitial D- 
microdefects. The further transformation of 
interstitial microdefects is happens according to 
following scheme: D-microdefects -> 
B-microdefects —> A-microdefects. 

V (vacancy) - defects 

D-defects 

01234       5678 
growth rate, mm/min 

Fig. 1. The scheme of formation and transformation 
of microdefects in FZ-silicon 

(the crystal diameter is 30 mm) 

The identity of processes of microdefects 
formation in both types of crystals which grown 
with a various diameters is confirmed by our 
results. Principal tendencies in Czochralski and 
floating-zone methods must be considered in 
reference to the goal of obtaining dislocation-free 
monocrystals with large diameters and controlled 
content of microdefects. Significant attention must 
be paid to the nature of grown-in microdefects in 
dislocation-free monocrystals and the role of 
intrinsic point defects in their formation. The 
defect structure in large-scale silicon monocrystals 
is not subjected to essential modifications [13]. 
Thus, offered model [1, 12] with allowance for 
difference of the growth conditions is applicable 

for monocrystals of any diameters which have 
been grown by both methods, float-zone and 
Czochralski. 

Thus, the success in growth of high purity 
monocrystals and creation of silicon devices 
considerably depends on possibilities of 
monitoring of the conduct of intrinsic point 
defects. 
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PHYSICOCHEMICAL FUNDAMENTALS OF CREATING 
MATERIALS WITH ELEMENTS 

OF SELF-ORGANIZATION 

V.V.Skorokhod, V.P.Solntsev, T.A.SoIntscva 
Institute for Problems of Materials Science of NASU, Kyiv, UKRAINE 

A possibility of creation of a new generation 
of materials which are capable under operating 
conditions to exhibit functions, similar to living 
organisms, is recently spoken about at rather 
representative scientific conferences and 
symposiums. The problem of creating such 
materials arose as a result of appearance and 
progressing the ideas of thermodynamics of 
irreversible processes, as establishing conceptual 
approach that covered all natural sciences as a 
whole at the end of the twentieth century. Originally 
having arisen from a problem of reconciling two 
diametrically opposite aspects of evolution, in 
classic thermodynamics (the Carnot -Clausius 
principle) as the continuous law of disorganization 
and breaking down the initially created structure, 
and in biology and sociology objective 
complicating entities, formation of structure, the 
thermodynamics of irreversible processes allowed 
to find out. that the given ways correspond to 
different edges of physical reality. Thus the basic 
idea of a non-equilibrium thermodynamics became 
the concept of arising structures as consequence of 
originating self-organizing processes far from 
equilibrium state in open systems. The tendency to 
self-organizing is a peculiar property of open 
systems, and the non-equilibrium is a source of 
ordering and appearance of dissipative structures. 
The originating of dissipative structures does not 
suppose existence of the shape, self-isolating the 
object from an exterior world and scooping from it 
a building material and energy, that is peculiar to 
the vegetative and fauna world. However, 
supervising originating of temporary or time-space 
structure during auto-oscillating reactions in 
homogeneous media, where the shape is an inert 
bulb, some relevant properties of living systems, as 
for example self-reproduction are discovered, 
namely capacity of one of matters to be multiplied 
at the expense of raw materials. This functional 
property is determined by existence of autocatalytic 
stage at weep of set of so-called competitive or 
conjugated reactions. 

In modern natural sciences it is supposed, that 
the set of the elementary shapes and functions of a 
substance is limited, while the new shapes and 

functions occur only as a result of a combination 
and superposition of the elementary ones. Really, 
the originating mechanism of concentration auto- 
oscillations in homogeneous reactionary medium 
demonstrates how during several reactions, the 
kinetics of every one is described by the exponential 
laws, owing to a superposition the system as a 
whole acquires non-monotonous character of 
kinetic behavior, there is a temporary "chemical 
clock." The relevant property of such systems is the 
conservation of an excitability. Physicochemica! 
medium, in which auto-oscillating reaction takes 
place permanently erethitic in relation to exterior 
material flow, i.e. in conditions of interchanging 
with an exterior world it recreates the capacity to 
stimulation. Such mechanism of self-organization in 
the majority familiar physicochemica! systems is 
molecular, appropriate to homogeneous media, 
liquid or gas, and is referred to single-leveled, 
suspected originating of the structure, and not 
isolated object having a stable form. Only ,when the 
dynamic system acquires a stable form enclosing 
and self-isolating area of space, where the internal 
processes ensure its conservation, progressing and 
ordered interchanging with an exterior world within 
the framework of the conditions, imposed to them, 
it becomes the material object, in some sense 
functionally similar to one of a living matter. 
Speaking about a system, its sizes and behavior as a 
unit, the founder of modern thermodynamics of 
irreversible processes I.Prigogine in one way or 
another set a central problem of the shape stability." 
For originating dissipative structure usually it is 
required, that the size of a system should exceed 
some extreme value- a composite function of 
arguments. We can argue, that the chemical 
instabilities set the long-distance order, by means of 
which one the system operates as a unit" 

Thus, the appearance of the shape is related to 
interaction inside a non-equilibrium 
physicochemica! system, however extra level, 
above-molecular, supplying self-isolation of 
dynamic object from a kinetic and diffusion 
dispersal into an environment. The conservation of 
the shape is impossible without leap of kinetic 
parameters of a system on an interface with an 
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environment and the phase transition is necessary. 
From the above reasoning creating materials with 
elements of self-organization is possible 
alternativlessly by selecting only powder 
heterogeneous non-equilibrium physicochemical 
systems, which may be associated with known 
artificial techniques into the shape, and the internal 
processes will induce phase transitions, localizing 
the area course of chemical reactions in kinetic zone 
and saving it and the object as a unit. 

The practical realization of presented 
principles is obtained at sintering non-equilibrium 
powder compositions based on transition metals of 
iy and yA groups of the Periodic system. As a 
source of        thermodynamic instability 
dichalcogenides of transition metals of IY, V and 
yiA groups.were inputted into composition. The 
supply of thermodynamic instability may be any 
compound formed by transition metal with 
metalloid, giving diatomic gas in an individual state. 
As it is known, at decomposing of such compounds 
the liberating gas interacts with an active 
environment - a metallic matrix, in which the 
unstable compound is present. Thus topochemical 
reaction of diatomic gas with transition metal has 
autocatalytic stage resulting in chemical instability. 
The auto-oscillating reaction in distributed 
environment generates concentration and 
temperature waves. As powder medium is discrete, 

the interaction of concentration and temperature 
waves from various sources induces phase 
transitions scaling the reactionary area. The induced 
phase transitions as a result of a cascade of 
instabilities, become the next ones in their hierarchy 
and close them into a cycle, immediately holding a 
source of instability. That is, in non-equilibrium 
physicochemical heterogeneous medium the closed 
triad of instabilities generates the dynamic nature of 
stability, in some kind like a living matter 
representatives. 

The compositions with dynamic nature of 
stability in conditions of affecting of mechanical 
energy, for example, at its transformation into heat, 
at dry friction as well as at sintering show non- 
linear adaptation mechanisms that results in fall-off 
of a wear intensity. The systems are now found and 
the materials on their base developed, where 
physicochemical mechanisms resulting in processes 
of self-organization and self-healing of structural 
defects are present at rather low temperatures of 
about 473K. The effects of self-organization are 
also found in heterogeneous systems with oxygen, 
nitrogen and in other physicochemical systems, that 
will allow in the nearest future to develop materials 
of a new generation with a broad spectrum of 
functional properties. 
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SELF-ORGANIZED CRITICALITY IN FRACTURE PROCESS OF 
MATERIALS 

Hilarov V.L. 
A.F. Ioffe Physical Technical Institute of RAS, St. Petersburg, Russia 

It is well known since the pioneer works of Bak, 
Tang and Wiesenfeld [1,2] that nonequilibrium 
systems with many degrees of freedom may 
organize themselves into a critical state when 
they are driven far from thermal equilibrium. 
Solid states under mechanical stress can be 
considered as such nonequilibrium systems, 
trying to relax mechanical stresses by means of 
their defect structure evolution. 

It is also well known that fracture surfaces of 
materials have clearly pronounced fractal 
character. During last decade a huge amount of 
investigations were carried out in order to 
measure fractal dimension of fracture surfaces for 
a wide spectrum of materials demonstrating both 
brittle and ductile fracture (metals, alloys, 
ceramics, glasses and rock species) [3]. This scale 
invariant state of fracture surfaces allows 
assuming that these surfaces appear as a result of 
some universal fracture mechanism and that this 
mechanism is related with self-organized 
criticality. 

In order to check this hypothesis we investigated 
both space and time correlation properties of 
crack generation process in materials (steel 
industrial construction and granite laboratory 
samples) under mechanical loading. Initial 
experimental data contains acoustic emission 
information (times, amplitudes and sometimes 
coordinates of generated cracks) received by 
piezoelectric receivers on the sample surface. 
From this data one can construct different space 
and time correlators. We chose Grassberger- 
Procaccia correlation function as the space 
correlator: 

C(r) = IZ^-go) 
Here H is a Heaviside function, ry are distances 
between cracks, N is a number of cracks. Thus 
C(r) is simply the number of pairs of points of the 
statistical set separated by a distance less than r. 
The calculated correlator (1) displays well 
pronounced power behavior as function of r with 

the exponent index close to fractal dimension of 
fracture surface on the late stage of fracture 
process. On the earlier stages of the fracture 
process this index approximately coincides with 
the dimension of 3d Euclidean space (fig. 1). The 
data ends when the fracture of the sample 
occures. 
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fig. 1 Time dependence of correlation fractal 
dimension 

Thus we see that the process of crack generation 
shows a clear tendency to evolve towards a space 
scale invariant state. 

As the main time characteristic of the process one 
can choose the time dependence of acoustic signal 
amplitudes. Then the time autocorrelation 
function may be constructed and power spectral 
density of the process calculated, in the form of: 

K(tl,t2)=<x(t,)x(t2)>; 

S(co) = JK(r)exp(icoT)dT (2) 

Here x is the stochastic variable (acoustic 
amplitude), K(lj,t2)=K0]-t2) the time correlator, 
depending on the time difference for the 
stationary process, S(co) power spectral density. 
However, this procedure leads to significant data 
scattering in the S(co) dependence. To avoid this, 
one can use wavelet analysis to construct the 
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scalogram corresponding to S(co) smoothed on 
each scale by the spectrum of analyzing wavelet 
("sombrero" wavelet was used). Such scalogram, 
obtained for the time 14000 in fig.l shows clearly 
pronounced ///'noise feature for the large scale 
(low frequency) region in logarithmic coordinates 
(fig-2). 

■    energy spectrum 
i».u —  linear fit (with 1.1 slope) 
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fig.2 scalogram - wavelet energy spectrum 

The same scalogram calculated in the beginning 
of the fracture process also shows the low 
frequency scale invariant feature, but the slope is 
about 2. This slope reflects the power spectrum of 
the step function, caused by each acoustic event. 

So the time correlation features also change 
significantly on last stage of the crack generation 
process from individual to collective behavior. 

Thus both the space and time correlation features 
show well pronounced scale invariant features on 
the final stage of fracture process. It allows to 
assume, that during the fracture process the 
evolution of the defect structure occurs in such a 
way that that higher and higher scale levels are 
involved. On the final stage the material looses 
the possibilities to relax at all time and space 
scale levels of defect structure and self-organized 
critical state is formed. Due to the limited sizes of 
samples and industrial constructions this situation 
leads to material fracture. 
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INSERTION OF RARE EARTH AND OTHAR METALS INTO Agl 

Despotuli A. L.. Levashov V.l. 
Institute of Microelectronics Technology and High Purity Materials RAS, Chernogolovka, Russia 

Impurity centers determine many properties of 
technologically important crystals and their optical 
spectra and relaxation behavior are of diagnostic 
value (for example, Lanthanide Ion Probe 
Spectroscopy. The specific features of high 
impurity concentration areas arc the formation of 
defect associates. superlattice ordering, 
concentration-dependent structure phase 
transitions, metal-dielectric transitions, synthesis 
of new compounds, disordering of parent 
structures, etc. The variety of properties, types of 
behavior, and possible application spheres of 
crystals modified by impurities cause the 
appearance of new directions in research and 
technology. Compounds and materials containing 
rare earth (RE) impurities attract particular 
attention because of their unique optical, 
magnetic, and some other properties. 

The materials with low maximum phonon energy 
are having prospects for MID-IR applications. The 
silver halides possess many interesting properties: 
nonhygroscopic, the frequency cutoff of the 
phonon spectrum located at low ho), < 200 cm"1, 
refractive index is high (2.0 -2.2) and they are 
highly transparent in a broad spectral interval. 
Therefore AgHal can be used for fabrication of 
miniature planar optical waveguaides - the key 
structures for optoelectronics applications. 
Another applications AgHal materials doped by 
RE are NIR and MID-IR optical fiber amplifiers 
and lasers. The area of such devices - scientific 
instruments. control, surveillance, remote 
measurements, systems for laying and aiming of 
weapon. The known ways of syntheses do not 
allow to get high concentrations of RE-ions at the 
systems on the base of AgHal because of 
separations in samples the phases of highly 
hygroscopic rare earth halides REHal3. 

In our previous work [1], it was suggested that 
crystal structures with high concentrations of 
impurity centers and specific properties could be 
created by inserting certain metals into channels of 
cation     conductivity     in      solid      electrolytes 

(supcrionic conductors) where the density of 
vacant crystallographic sites of various types is 
higher than 1022 cm"3. At the works [1-3] an 
insertion Sm and Yb into a solid electrolyte - 
superionic conductor RbAg4I5 was discovered by 
optical absorption method. The experimental 
samples were prepared by vacuum thermal 
sputtering (2 xlO"6 Torr) of Sm or Yb films onto 
polycrystalline RbAg.,I5 films 100-200 nm thick at 

293 K. Then RE-metals dissolved into RbAg4I5. 
Materials forming by insertion of RE do not 
change optical features in humid atmosphere. 

The following features were observed in the 
optical absorption spectra of the samples obtained 
after the reaction of Sm or Yb films with RbAg4I5 

films: 1) a wide band of strong absorption peaking 
in the region 2.4 eV. The band was interpreted as 
due to the E-ccnters (electron in the Evacancy) 
with an equilibrium concentration of ~ 3 xlO20 cm" 
3; 2) a band in the region 3.6-3.8 eV appearing at 
higher Sm concentrations and interpreted as an 
edge exciton of a new phase formed in the sample. 

According to the mechanism proposed in work 
[1], the insertion of RE into RbAg.,I5 films 
proceeds via precipitation of small quantities of 
Agl on the surface of crystallites and filling the 
vacancies of silver and iodine in the RbAg4I5 

lattice by RE-ions and electrons, respectively. 
Assuming that RE form trivalent ions, the 
composition of the superionic conductor turned 
out to be RE.KRbAg.,..,NI5.3s . 

It was found that storage of the samples in dry 
atmosphere or in air at room temperature (RT) led 
to the restoration of the initial optical spectra, 
electrical conductivity and Debye-grams. The 
observation was explained as due to a reduction of 
RE-ion and F-center concentrations by the 

formation of RE oxides (02-> 20 2" MIT) and bv 
returning of silver and iodine ions back into the 
crystallites. 
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In the works [4,5], the idea to extend our previous 
results on all RE metals and some groups of silver 
(copper) halides is realized. These works based on 
results Releigh [6] which establish the structural 
principles for silver halide superionic conductors. 
According to his results, RbAg4I5 and many other 
AgT- (Cu~-) superionic conductors with a common 
formula QI nAgl (Q = nitrogenous organic bases 
such as tetraalkyl ammonium, pyridinium, 
quinolinium, etc.), as well as numerous 
compounds obtained by adding Agl to silver oxy- 
salts (phosphates, tungstate, molybdate, chromate, 
vanadate, arsenate, cyanides, polymethonium 
iodides, sulfonium iodides, tropyllium iodides and 
mercuric iodochalcogenides) inherit one 

important feature of the wurtzite structure of ß- 
Agl, namely, faced-shared iodide tetrahedra 
where each Ag*-filled I4 tetrahedron shares a face 
with the adjacent empty one. The main function 
of Q+ -modifying ions is to increase the degree of 
face-sharing by iodide ion coordination 
polyhedra. 

If an essential condition for RE insertion is a pair 
of faced-shared iodide tetrahedra or simply the 
availability of a fraction of empty tetrahedra (the 
size of tetrahedra enough suited for RE), then the 
results similar to [1-3] should be obtained both for 

ß-Agl and a number of other silver halides 
differing by the chemical composition and 
structure. In zinc-blende structure half of the 
metal positions is not occupied. Because of this 

structure close related to wurtzite modification, y- 
Agl was also included in area of our interest. 

In the work [4,5] the rare-earth metals La, Ce, Pr, 
Nd, Sm, Tb, Dy, Tu, Yb, and Eu as well as Sc and 

Y were inserted into polycrystalline ß- (y-)Agl 
films for the first time under the conditions 
characteristic of topochemical reactions. Sm was 
also first inserted into films of the superionic 
conductor CsAg4Br3_J2Hx. The experimental 
samples were created by deposition of RE metals 
(a laser ablation method) onto Agl films (100-200 
nm) at the vacuum chamber with pressure about 1 
xlO""6 TOIT and temperature 293 K. The specific 
features of the obtained optical spectra were 
explained by the formation of F-centers, 

disordering of the initial crystal structures of ß-(y-) 
Agl,  and synthesis  of novel nonstoichiometric 

compounds termed rare earth silver iodides. These 
compounds with optical band gap 3.6 -3.8 eV at 
293 K (a band gap of Agl - 2.9 eV) appear at the 
approximately 10% concentrations of La, Ce, Pr, 
Nd, Sm or Dy in the samples. For Tb and more 
heavier RE then Dy take place disordering of 
initial structure of Agl at the insertion of RE but 
the formation of novel phase is not observed. For 
the novel compounds, the preliminary data of 
electron and x-ray diffraction indicate the patters 
which differ from one of Agl. 

Recently, the optical absorption data indicating the 
formation of novel compound under an insertion 
of Mn into Agl were also obtained at the IMT 
RAS. The band gap of this compound is more 
wide than a band gap of Agl and the edge of 
optical absorption is more complicated than for 
novel compound forming at the RE-Agl systems. 
We also performed few experiments under 
insertion RE into Cul. 
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TRIPLE JUNCTION MOTION IN ALUMINUM TRICRYSTALS 

Protasova S.G.. Sursaeva V.G. 
Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka, Moscow district 

142432, Russia 

The results of an investigation of the steady state 
motion of grain boundary systems with triple 
junctions in high purity Al are presented. Namely, 
the migration of systems with <111> and <110> 
tilt boundaries was studied. The experimental 
results demonstrate that the motion of grain 
boundary systems with triple junctions in Al can 
be controlled by slowly moving triple junctions. 
The influence of triple junctions depends on 
temperature. It is particularly strong at low 
temperatures. In the high temperature regime the 
motion of a connected grain boundary system is 
less affected by the triple junction, and, therefore, 
effectively controlled by the grain boundary 
mobility. The experiments revealed a drastic 
difference between activation enthalpy of grain 
boundary and triple junction motion. Therefore,' 
there is a temperature, below which triple 
junctions govern the motion of the connected 
boundary system. This temperature was found to 
depend on the grain boundary and triple junction 
geometry, used in the experiment. 

The motion of three grain boundaries systems with 
triple junctions (Table 1) was investigated. The 
investigated triple junctions consisted of two high 
angle tilt grain boundaries (GBI and GBII) and a 
low angle tilt boundary (GB III). The most 
important parameter of the motion of a boundary 
system with a triple junction in Fig. 1 is 
the angle 6 in the point where the three boundaries 
meet. The magnitude of this angle 0 defines the 
shape of the stationarily moving grain boundary 
system [1]. 

Table 1. Misorientation of the investigated 
tricrystals. 

Sample GBI GBII GBIII 

SI 21°<111> 18°<111> 3°<111> 

SII 27°<110> 22°<110> 5°<110> 

The role of the angle 6 becomes clear from the 
relation between the steady-state value of 6 and 

the dimensionless criterion   A = 
mtja 

m, 
(1) 

GB I 

GBIII 

GBII 

Fig. 1. Geometry of the grain boundary 
system with triple junction during steady- 
state motion. 

which describes the influence of the triple junction 
on the motion of the entire boundary system : 

A = 
mtja 

m, 

20 

2 cos 6 - 1 
(3) 

Whdn A is small, i.e. A~l, the angle 6 tends to 
zero and the steady-state velocity is controlled by 
the mobility of the junction : 

V mlf (4) 

For A »1 the junction easily adjusts to the motion 
of the boundary system, and the angle 6 tends to 
its equilibrium value #=p/3. 

As it can be seen in Fig. 2, the measurement of the 
temperature dependency of A can be utilized as a 
method to analyze the experimental data and to 
separate different regimes of motion of the system, 
i.e. triple junction and boundary controlled 
kinetics. At relatively low temperatures, up to 
430°C for sample SI and up to 510 °C for sample 
SII, the value of A is of the order of unity. Since 
the criterion A specifies the ratio of triple junction 
mobility to grain boundary mobility, low values of 
A mean that the triple junction mobility is 
comparable to the grain boundary mobility. 
Therefore, the motion of the system in the low 
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temperature regime can be interpreted as a triple 
junction controlled motion. The rise of A with 
increasing temperature indicates that the system 
motion becomes increasingly less affected by the 
triple junction, and boundary kinetics become 
predominant. There is a distinct transition from 
triple junction kinetics at low temperatures to grain 

a) 

TfC] 

450    470    490    510    530     550    570    590    610 

T[°C] 

b) 

Fig. 2. Temperature dependence of the 
criterion A for triple junctions in samples SI 
(a) and 577(b). 

boundary kinetics at elevated temperatures and the 
activation enthalpy for triple junction motion 77jy 
is considerably higher than that for grain boundary 
migration (Tfy). The behavior of the grain 
boundary controlled branch in Fig. 3 compares 
well with measurements of the reduced grain 
boundary mobility obtained from literature data 
[2] of independent bicrystal experiments. The 
corresponding evaluation for system SI is given in 
Fig. 3a and yields comparable behavior. Owing to 
only few triple junction systems investigated so 
far, it is an open question how the transition range 
between grain boundary and triple junction control 
of migration kinetics depends on grain boundary 
and correspondingly triple junction geometry. In 
particular grain boundary systems consisting of 
structurally different grain boundaries (<111> and 
<110> tilt boundaries in the current study) need to 
be adressed to probe the influence of triple 
junctions    and    their    geometry    on    texture 

development during grain growth. It is finally 
noted that the results of the current study again 
demonstrate that the determination of an average 
grain boundary mobility by measurement of the 
mean grain size evolution during grain growth in 
polycrystals can be deceptive and, in particular, 
different for measurements in the high and low 
temperature range. 
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Fig. 3. Temperature dependence of triple 
junction (^) and grain boundary mobility (A) in 
samples 57 (a) and 577 (b). Dotted line represents 
the mobility of a 21°<111> tilt boundary in Al as 
reconstructed from literature data [2] (77= 1.6 
eV; Ag= 103 m2/s). 
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EFFECT OF RANDOM FLUCTUATING POTENTIAL ON ORDER 
PARAMETER AND PHASE TRANSFORMATION TEMPERATURE 

Dmitriev A. I., Radchenko M.V., Lashkarev G.V., Butorin P.E. 
Department for Functional Materials and Cryogenic Investigations, Institute for Problems of 
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It is known that instability of crystal lattice 
occurs for narrow-gap semiconductors Pb,.,Sn,Te 
m the composition range 0,18<x<d.0 within 
temperature interval 25<T<100K. Discovered the 
existence of three PT by the help of X-Ray 
structure analysis. The change of crystal lattice 
svmmetrv occurs at two of these phase transition 
(PT) 

Parlier we shown. that temperature 
dependencies of thermoelectric power and 
magnetic susceptibility give sufficient information 
for PT research in A4B6. Therefore in this paper 
the researches of neutron diffraciometry as well 
as thermoelectric power (TP) a, magnetic 
susceptibility (MS) %, Mall coefficient P.. in 
the temperature range 4,2-300K. and 
Shubnikov oscillations in magnetic fields up to 4T 
are represented 

Random fluctuating potential (RFP) arises 
owing to defects of a structure, including irregular 
distribution of components of alloy or chemical 
compound of complicate composition In 
semiconductors RFP results in nonthermal 
spreading of band edges, what is equivalent to 
nonthermal spread of a chemical potential level of 
magnitude AF - e '' (Nr)'2 (s- the dielectric 
susceptibility, N - concentration of defects, r- 
action radius of perturbation potential) Obviously, 
the spread of quantum levels has a close value. The 
latter allows experimentally evaluate the magnitude 
of perturbing action of RFP corresponding to 
nonthermal spread of quantum levels, which is 
described by Dingle temperature -• To, (AE - AT»), 
ht quantum oscillation phenomena Tn determines 
damping amplitude of oscillations and a degree of 
crystal imperfection at T= 0 K. Then in general 
case one can write the equation for order parameter 
Q 

0 = Q,- AQ= a (Tc -Tf + yT„ 

where Tc- temperature of phase transition, a, -y - 
factors, ß -critical index of order parameter. 

Hence, the temperature reduction of PT at 
increase of defectively of crystal lattice connected 
with RFP can by described by Dingle 
temperature. The magnitude Tr, in 
multicomponent semiconductors reaches values 
about 25 K, in metals - 1 K 

The structure phase transitions in 
semiconductors ATYBYJ attract an interest to this 
phenomenon during series of years. 

By method of neutron diffraetömetry the 
sequence of phase transformations in solid 
solutions Pb,.v Sn,.Te (x = 0.2) of high structural 
perfection was investigated, hi accordance with 
the data of single frequency Shubnikov-de Haas 
oscillations of thermoelectric power these samples 
haveT,)=(S±1.2)K. 

At temperature reduction from 290 K up to 
100 K the mterplanc distance d along [100] 
direction fluctuates within 0.342 - 0.344 DM. At 
TCi<l 00 K the strong reduction of d size to values 
0,336 mi happens, that is probably due to phase 
transition. Fn the range T = 90-40 K the top of a 
diffraction reflex is splitted to three lines, the 
peak intensity drops up to a minimum value at T 
= 60 K. The an increase of temperature results in 
an increase of reflex intensity and vanishing of 
splitting In general, temperature changes of reflex 
intensities and their disposition on the scale of 
interplane distances in directions [110] and [1 11] 
are similar. 

Minims on temperature dependence of 
neutron reflection intensity from a plane (III) are 
identified as phase transformations at 
temperatures Tc, ^ (35 ± 5) K: Tc; - (110 + 5) K: 
"f'c:, ---■ (140 ± 5) K; Tc, - (260 ±5) K. The 
comparison of these results with the data on 
research of temperature dependencies of 
thermoelectric power, magnetic susceptibility and 
X-Ray structure analysis., confirms the fact of 
observation of sequence of four phase 
transformations in Pbi^SuJe (x = 0.2) 

In the temperature range 6 K< T < 35 K the 
TP of investigated crystals is linear and displays a 
break at Tci= 35 K. The dependence a (T) at 
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(jjH/c)»l (a -» x) has such a break also at the 
same temperature as in the case of a = 0. The 
mentioned fact shows that process of current 
carriers scattering does not influence on forming of 
this break. The same feature of a we observed 
earlier at 20-25 K for the crystals with close 
concentration of current carriers which manifest 
PT. At Tc-r= 115 K we had observed a peculiarity 
which we related with the second PT. In the 
temperature interval Tci < T < Tc2 TP is 
characterized by hysteresis loop of small square. 
The hysteresis is related with a creation of the 
second phase nucleuses and with an energy 
consumption for increase of their surface. 

It is necessary to pay attention to the fact that 
in the hysteresis region reflection (ill) splits and 
its intensively has a minima at T ~ 60K. Then the 
following temperature decrease leads to an 
enlargement of its intensively and to disappearance 
of a. splitting. The similar hysteresis loop was 
observed by us in the case of Pbi.xGexTe also. It 
seems that the TP hysteresis loop at PT of 
displacement type had been observed by us for 
the first time. 

At Tci the hole gas is degenerated one and 
one can observe the break of linear dependence of 
a (T). In the same time at Tc2 where the 
degeneracy disappears the feature of a (T) seems 
like a bend. The similar regularities had been 
noticed by us earlier for the samples Pbo.gSn0.2Te 
and Pbo.y-iGeo.osTe. This fact is an additional 
argument which testifies to our observation of the 
PT. 

It should by noticed mat the temperature of 
the first PT in Pbo.8Snn.2Te, grown from the 
vapour phase is sufficiently higher than in the case 
of crystals grown by Bridgman method (35 K and 
20-25 K. respectively). 

Earlier we shown that PT in SnTe, 
Pbo.s2Sno.i8Te and Pbi_xSn;Je results in the 
peculiarity of magnetic susceptibility like a splash 
of paramagnetism on the diamagnetic background. 
The MS temperature dependence is characterized 
by two features at Tci and Tc2. The temperature of 
first peculiarity is close to the Tcj determined ■from 
the TP temperature dependence. Therefore we 
explain it by PT, as we had done earlier. 

At PT the fluctuational feature of MS appears 
which obliged to the fluctuations of order 
parameter. Indeed a temperature dependent 
correction to the energy gap Eg appears at PT. 
Because of the small magnitude of Eg in narrow' 
gao        semiconductor        Pbu.8Sno.2Te        the 

renormalization of band spectrum should lead to 
the changes of its magnetic and kinetic 
properties: a correction to magnetic 
susceptibility appears which is obliged to 
fluctuations of order parameter in the vicinity of 
PT. The manifestation of the third PT on the 
temperature dependence of magnetic 
susceptibility (Tc3 = (140 + 5) K) coincides with 
the extremum on the dependence on integral 
intensity of reflection (111) on temperature. 
There is also weekly expressed change of % (T) 
in the vicinity of Tc2 = (110 ± 5) K. 

The measurements of Hall effect 
demonstrated that R is practically independent on 
temperature and does not have feature at PT. It 
can be explained by low hole concentration when 
Fermi level is situated in the light hole band and 
does not penetrate into heavy bole band . This 
results m independence of hole concentration at 
PT. 

The combined analysis of the data of 
neutron diffraction, thermoelectric and magnetic 
researches testifies to the existence of four 
phase transitions at Tel =(35+5) FC, Tc2 =(1 10 ± 
5) K, Tc3 = (140 ±5) K and Tc4 =(260 ±5) K in 
the single crystals Pb0.aSn0.2Te. 

The structural perfection improvement of 
single crystals of solid solution Pb0.gSn0.2Te 
results in the shift of the first phase transition 
temperature Tc< from 20-25K to Tci = 35K. 
Again it has lead to the appearance of phase 
transition at Tc2= 110K and thermoelectric power 
hysteresis in the temperature range Tc; - Tc-2 
which testifies to the I type of this phase 
transition. The observed splitting of reflection 
peaks of the neutron diffraction spectrums in 
the same temperature interval indicates the 
lowering of crystal lattice symmetry. Phase 
transformations at Tc3 and Tc4 are transitions of 
presumable the II kind. 
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THEORETICAL AND EXPERIMENTAL BASIS FOR DEVELOPING 
STRUCTIRAL MATERIALS FOR GLASSMOULDING TOOLS 

Kolotilkin O. 
The Zaporozhye national technical university, Zaporozhye, Ukraine 

Mechanisms of failure of structural mate- 
rials for glassmoulding tools have been estab- 
lished. New methodology enabling to use standard 
and newly proposed devices and techniques has 
been worked out for complex estimation of mate- 
rials working capacity. 

The influence of graphite phase in fer- 
rous-carbon alloy on sensible heat, physical me- 
chanical, and service properties has been studied. 
It was revealed that with increase of graphite 
phase quantity from 2,1 up to 18,3 volumetric 
percent heat conduction increases by 78 %. At the 
same time surface area of failure with graphite 
increases from 9±0,5% to 90+0,5%, so alloy fail- 
ure occurs mainly in graphite inclusions that ex- 
plains deterioration of mechanical properties and 
viscosity of failure. It was found that iron wetting 
with glass mass, roughness and velocity of ther- 
mochemical erosion rises respectively to 65%, 
412,5% and 292% with an increase of graphite 
phase quantity. 

The analytical task of determining ulti- 
mate strength of heterogeneous material (ferrite + 
graphite) with growing carbon content from 0,48 
up to 4,02% has been solved. It was shown that 
the failure character of ironcarbon alloys at load- 
ing is related to concentration of stresses at points 
of graphite inclusions. Experimentally it was 
proved, that when loading at points of graphite 
inclusions microzones of plastic deformation are 
being formed. Using numerical-analytical method 
of finite elements, analytical task in frames of 
theory of plasticity has been solved enabling to 
determine sizes of plastic deformation zones 
which are related to size and shape of inclusion, 
load and elastoplastic characteristics of inclusions 
and metallic matrix. Relationship between micro- 
deformed metal factor and parameter of inclusion 
shape has been ascertained. 

It is shown that with the increase of pa- 
rameters of inclusion shape the share of microde- 
formed metal grows with exponential relationship. 

The idea of cast iron failure mechanism 
on periodic contact with glasmass melt has been 
widened. It was found that cast iron wetting with 
glasmass is related to shape and roughness and 
velocity of thermochemical erosion to shape and 
sizes of graphite inclusions. The mechanism of 

damage of cast iron with different degree of al- 
loying has been studied. It is proved that graphite 
has a dominant role in failure and formation of 
cast iron properties regardless of alloying degree. 
On basis of analysis of regressive relationships of 
proposed criteria of durability to chemical compo- 
sition of cast iron, optimum combinations of con- 
centration of carbon and silicon providing re- 
quired level of mechanical and service character- 
istics for definite conditions of tools parts opera- 
tion have been found. 

It was found that at simultaneous alloying 
of cast iron with chromium (0,4...0,6%) and alu- 
minum (0,4...0,6%) strength, viscosity of failure 
and thermal resistance increase that is associated 
primarily with finer structure of perlite and rela- 
tively low graphite participation in failure. Finer 
structure of perlite and presence on cast iron of 
oxide films with crome and aluminium base offer 
minimum values of roughness, wetting, adhesive 
factor, velocity of thermochemical erosion and 
better resistance to failure of oxide layers. It has 
been proved the copper content in cast iron should 
be within limits of 0,15...0,3% to increase heat 
conductivity of cast iron for the purpose of ex- 
traction of heat from working surface of glass- 
moulding tool. On basis of results obtained com- 
positions of cast iron for parts of glassmoulding 
tools working in conditions of thermochemical 
erosion, thermocyclic and mechanical loads have 
been obtained. 

Relationships describing the influence of 
chemical composition of cast high speed steel for 
knives fragment of glassmass to suggested criteria 
of reliability and durability have been estab- 
lished. It is shown that carbon content of 0,855% 
provides optimum combination of mechanical, 
operational and technological properties of steel. 
It has been proved that increasing content of tung- 
steen, molibdenium and vanadium by 5% en- 
hances coefficient of adhesion by 117,4%, 
183,3% and 157%, breakage of oxide layers - by 
135%, 15% and 55% and roughness -by 293,3%, 
206,7% and 220,4% respectively. It has been 
found out that concentration of tungsteen (1%), 
molibdenium (3%) and vanadium (3%) decrease 
to maximum the velocity of thermochemical ero- 
sion as a consequence of leveling off carbide het- 
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erogeneity, desintegration of carbide phase and 
decrease in electrode potential between carbide 
phase and metal matrix. On the basis of these ob- 
tained results steel has been elaborated for manu- 
facturing knives with prolonged operational re- 
source. 

Relationships of influence of basic alloy- 
ing element of copper, self-fluxing elements of 
boron and silicon as well as calcium and cerium 
modifiers to regularity of structure formation and 
creating mechanical, operational and technologi- 
cal properties of built-up metal on a basis of 
nickel have been enstablished. It has been proved 
that silicon content in nickel alloys with 
0,5... 1,5% of B should not exceed 2% that pro- 
vides for minimum coefficient of adhesion of 
glassmass to built-up metal. It has been proved 
that addition of 12... 15% of Cu to nickel alloy 
with boron and silicon enables decreasing in 
roughness and adhesion factor. Increase of copper 
content up to 30% improves the adhesive strength 
of built-up metal with base one and thermal resis- 
tance respectively. It has been proved that addi- 
tion of Ca (0.15. ..0.3%) and Ce (0.1. ..0.2%) to 
copper-nickel alloy with boron and silicon im- 
prove thermal resistance and decrease adhesive 
factor, roughness and velocity of thermochemical 
erosion at the expense of disintegration of eutectic 
colonies. 

Using results obtained compositions of 
building-up materials for restoration and harden- 
ing the parts of glassmoulding tools of different 
designation have been developed. 

Character of damage of structural materi- 
als contacting with aggressive media is influenced 
by the number of technological factors and con- 
tact duration with aggressive media. For the pur- 
pose of researching the processes occurring in 
contacting zone of structural material with media, 
the model of transferring the viscous smelt on tool 
surface has been worked out. Calculated scheme 
is shown in figure. 

wall of a tool 

Figure 1 Scheme of transferring viscous smelt on 
tool surface. 
W - velocity of smelt transfer; 
V0 - velocity of transferring of outer layer of sili- 
cate smelt flow; 
Pi>P2 - flow moving force; 
2a - inner diameter of tool; 
2b - inner diameter of flow; 
1 - length of system area; 
r - flowing radius. 

According to developed model the veloc- 
ity of transferring of viscous silicate smelt on tool 
surface is determined by relationship: 

W = --ß2r2+Cl\nr + C2, (1) 

P -P 
where ß = ^—^-; 

ju-l 

C, and C2 - factors, considering ß, V0 values 

and   parameters   a    and   b    (see   computated 
scheme). 

Fogel-Tammans formular relationship of 
dynamic viscosity of silicate smelt ju and tem- 
perature T is presented as: 

lgju = A + 
B 

T-Tn 
(2) 

where T is the temperature of smelt, A, B, T0 - 
constants, depending on chemical composition of 
silicate smelt. 

On basis of formulas (1) and (2) the pro- 
gram enabling to determine the velocity of trans- 
ferring viscous silicate smelt on tool surface with 
consideration of changing viscosity has been 
compiled. Design of glassmoulding tools with 
rational profile of working surface have been 
worked out on the basis of results obtained. This 
enabled to increase the velocity of transferring the 
viscous silicate smelt in most critical areas of 
working surface of tool and decrease contacting 
time of surface layers of metal with aggressive 
smelt. 

In whole complex approach in evaluation 
of thermoerosive failure processes and wear out of 
tool surface when processing viscous aggressive 
silicate smelts has enabled to increase the durabil- 
ity of tools by 4 times and decrease its metal con- 
sumption by 15% and improve a great number of 
other technical and economical indices when 
manufacturing glassmass goods. 
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VISCOELASTIC PROPERTIES OF INHOMOGENEOUS MEDIA 
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In the present communication wc report investi- 
gations of viscoelastic properties of chaotic, fractal 
structures in which one of the phases shows negative 
shear modulus. A phase of negative shear coefficient 
is a particular case of the Lakes' system [1] of nega- 
tive stiffness and, as such, is obviously mechanically 
unstable since the feedback between the stress and 
deformation favors increase of any deformation. One 
can stabilize, however, such a phase by immersing it 
into a matrix of positive stiffness. 

Figure 1. Illustration of the self-similajty of the 
fractal system Q„(Ln, p„~\) (where ;J->OC) of vis- 

coelastic bonds for L0 = 2 . The viscoelastic bonds 
are, for simplicity, represented by parallelly con- 
nected 'pistons' (viscous element) and 'springs' 
(elastic element). 

The analysis was performed on the basis of a hi- 
erarchical model of two-component structure and is 
a generalization of the method of elastic properties 
calculations described in detail in [2]. In the model- 
ing of chaotic structures presented there, hierarchical 
lattices of bonds representing random distribution of 
parameters were applied. In contrast to the case con- 
sidered in [2], where the bonds of the lattice repre- 
sented purely elastic properties, the bonds consid- 
ered here may represent more general, viscoelastic 
case (see Fig. 1). 

The dependencies of the viscoelastic properties 
on properties and concentrations of phases forming 
the considered inhomogeneous medium were mod- 
eled by a simple generalization of the "blob model" 
[2,3]. Namely, the results obtained for static elastic 
properties  correspond   to  results   for  viscoelastic 

properties (for arising harmonic vibrations) obtained 
by replacing the real elastic modules. A' (the bulk 
modulus) and JJ (the shear modulus), by the com- 

plex modules K*,/j* . 

Calculations were performed for a two- 
component, inhomogeneous medium. For simplicity, 
it has been assumed that both the phases are iso- 
tropic and the first phase is purely elastic whereas 
the second phase is elastic from the point of view of 
volume deformations and viscoelastic from the point 
of view of shear deformations. The concentration of 
the purely clastic phase is denoted by /;. 

It is convenient to write the shear modulus of the 
second phase, /j*   , in the form 

//*2 =//',.v(l+/y), 

where "c V-/g(^ )=//'///'< -v=//2/// and 

(1) 

/",=,": 

is the (real) shear modulus of the first phase. 
In the following we compare the effective shear 

modulus of an inhomogeneous medium with fractal 
structure (further referred to as a fractal composite) 
with a composite material corresponding to the 
Hashin-Strikman formulae (further referred to as the 
Hashin-Strikman composite). 

In Fig.2. the ratio of the effective shear modulus 
to the shear modulus of the elastic phase is shown as 
a function of the concentration of the elastic phase 
and .Y for y=10" . It is assumed that the viscoelestic 
phase in Fig. 2 has a negative shear modulus (i.e. 
negative real part of the complex shear modulus) 

and is characterized by y=tg(p, =0.00 and the Pois- 
son's ratios of both phases (calculated from real 
parts of the elastic moduli) are equal to 0.184... . 
(The latter assumption means that the ratio of the 
real part of the shear moduls to the bulk modulus is 
equal to n'-JK'i = 0.8. where /=1,2 numerates 
the phases; in consequence the ratio of the bulk 
modulus of the second phase to the bulk modulus of 
the first phase is equal to x - A\ '/ K \ .) It can be 
seen there that for the inhomogeneous fractal me- 
dium the shear modulus shows in some ranges of 
concentration a resonance-like behavior similar to 
that discussed in [ 1 ] whereas in the Hashin-Strikman 
composite there exists only one such a resonance in 
the vicinity of the concentration p--\. 
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Figure 2. Comparison of the ratio of the effective shear modulus to the shear modulus of the elastic phase at .y-0.001 
as°a function of the concentration of the elastic phase and x : (a) in the fractal composite and (b) in the Hashin- 
Strikman composite. In (c) and (e) some sections of the (a) are presented, whereas in (d) and (f) some sections ol (b) 
are shown; the values of x corresponding to the sections are given in these figures. 

whereas the Hashin-Strikman composite is 'uniform' 
in this aspect. At this point let us notice that a mate- 
rial of fractal structure which should show the vis- 
coelastic properties similar to those obtained by 
solving the model described can be manufactured in 
reality by the following scheme. At the first step (the 
lowest size level) one produces "tablets", e.g. of a 
polymer with required inclusions. At the next step, 
the tablets obtained at the preceding level are used as 
inclusions to larger tablets. The process is continued 
and a hierarchy shown in Fig.3 is obtained. 

This work was supported by the Polish Commit- 
tee for Scientific Research (KBN) and by the 
Ukrainian National Academy of Science. 
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Figure 3. The idea of construction of a material with 
fractal structure. 

The above comparison shows that the viscoelas- 
tic properties of the fractal composite differ qualita- 
tively from the properties of the Hashin-Strikman 
composite. The observed differences can be under- 
stood taking into account that the hierarchical model 
considered takes into account clusters of various 
length scales and different parameters of their 'reso- 
nances' which are formed in the fractal composite 
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1. Introduction 

Aluminium foams are a new class of lightweight 
materials attractive for the automotive industry. 
Molten metal can be processed to a porous material 
by injecting gas into the melt [1] or by adding a 
foaming  agent  (FA)  into  it   [2].   Metal   foams 
currently are not widely used in spite of their 
excellent properties because of difficult control of 
the foaming process and high production cost. 
To meet the above requirements, a new widely 
available FA, calcium carbonate, is suggested. A 
homogeneous distribution of the FA in a melt can 
be achieved by enhancing the wetting of particles. 
Applying a surface coating technique solves this 
problem. In this work, the ion-exchange process 
was employed for the (novel) purpose of coating 
calcium carbonate powder with fluoride. 
The present study aims to investigate the coating 
procedure, to compare the foaming ability of the 
conventional FA (TiH2) with the new candidate 
(CaC03), and to elucidate the impact of surface 
phenomena occurring during melt foaming on the 
structure of solid foam. 

Materials and Experimental Procedures 

Powder coating technique and surface analysis. 
A commercial calcium carbonate powder with 
particle size of 7.5 On was coated with CaF2 in an 
aqueous solution containing NaF. The solution was 
stirred at 40°C to induce the ion exchange reaction: 
CaC03 + 2NaF = CaF2 + Na2C03. After stirring, 
the solution was filtered and the CaC03 powder 
was then dried in an oven at 120 °C. 
Particle size and morphology of the powder were 
examined by scanning electron microscopy (SEM) 
and X-ray photoelectron spectroscopy (XPS) was 
used to study the chemical composition of the 
carbonate surface. 

Preparation of agents. Instead of CaC03 powder, 
a marble plate polished with 1 pm diamond slurry 
was used in the wetting study. The samples were 
coated  with  CaF2  by  the  technique  described 
above. TiH2 powder with a particle size of 10 urn 
was compacted into cylindrical tablets and cut, to 
obtain straight-edged sections. 
Wettability study. The dipping of a solid plate 
into pure aluminium (99.9 mass%) was employed 
to study the wetting behaviour of liquid Al in 
contact with foaming agents. The contact angle 
was determined from an image contour of the 
junction of the three phases, obtained by the X-ray 
radioscopic visualization technique. Al was melted 
in a resistance furnace in an argon atmosphere. A 
solid plate of foaming agent was mounted by steel 
wire at the  lower end  of an A1203  tube and 
introduced vertically into the melt at 690°C. X-ray 
observation was carried out for 15 min. 
Foaming experiment. Aluminium foaming tests 
by both the conventional FA (titanium hydride) 
and the new FA (calcium carbonate) were carried 
out   using  the   ALPORAS   [2]   foaming  route. 
Aluminium alloy A 356 in a stainless steel crucible 
was melted in a resistance furnace. Ca used as a 
thickening agent was added into the melt at 750 °C 
while stirring in an ambient atmosphere. After 
cooling to the prescribed value (640°C for TiH2, 
680°C for CaC03), the molten aluminium was 
stirred with the FA powder (1 wt.%). The FA then 
decomposed, evolving gas and caused the melt to 
foam. Finally, this foam was cooled by fans. 

Results and Discussion 

SEM and XPS surface analysis of foaming agent 
coating. The only difference in surface 
morphology of uncoated and coated particles was 
the presence of dissolution traces on the edges of 
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the coated particles. Apparently this coating 
couldn't be detected by SEM. 
XPS analysis revealed the Is peak of F, 
designating F bonded to Ca (F - Ca). This peak 
occurred throughout a 10 min sputtering period 
indicating the presence of calcium fluoride on the 
carbonate surface. The F Is peak was not detected 
on uncoated carbonate particles. 
Wettability study. Analysis of the X-ray images 
revealed that TiFfc formed a lower contact angle 
(130°) compared with CaCCb, and coated CaCCb 
resulted in a contact angle 15° less than that formed 
by uncoated CaC03 (9 * 140° and 155°, 
respectively). These observations confirm that the 
surface properties of the coated carbonates 
promote better wetting by the melt. 
The presence of an alumina layer on the melt 
surface and also gas evolution from the 
decomposing FA make it difficult to quantify 
precisely the wetting angles from this type of 
experiment. Nevertheless, a comparative analysis 
of wetting behaviour for different FA and molten 
aluminium can be made. 
Foaming experiments. The influence of surface 
coating on foaming ability of the agents was also 
examined. The coated agent ensured a larger 
foamed fraction than the uncoated one (Fig. 1), 
resulting in an increase in sample height and a 

Figure 1. Cross-section of the foamed Al samples 
treated with (a) TiH2, (b) uncoated CaC03 and (c) 

coated CaCCh. 
3 -3 

decrease in total sample density (1.0x10   kgm 
compared with 1.7xl03 kg-m"3). These results can 
be explained by the contribution made by agent 
coating. 
It is known that solid particles with poor 
wettability tend to coagulate in a liquid. In 
contrast, wetted particles can be well distributed in 
a liquid without formation of large aggregates. If 
the solid is the source of a gas, the first occurrence 
results in fewer bubble nucleation centres in a 
liquid than the second one does. Consequently the 
liquid fraction containing bubbles is larger when 
the second occurrence is operating. It is likely that 
in our experiments the particles of coated 
carbonate   were   distributed   in   the   melt   more 

uniformly than the uncoated one did and produced 
foamier melt with lower density 
Most important for practical use of the new 
foaming agents is that coated carbonates produced 
metallic foam with a density comparable to that of 
samples treated by titanium hydride (-1.0x10 

3 -3 kg-m") and with pores    (cell size =1.1x10   m) 
(Fig.    2)    smaller    than 
conventional hydrides. 

those    produced    by 
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Figure 2. Dependence of pore diameter of the 
foamed samples on powder coating time for 

different FA. 

Conclusions 

A calcium carbonate coating was prepared by an 
ion exchange method. The effect of a coating was 
studied by examining the wetting behaviour of the 
FA by the Al melt. The coating of CaC03 by the 
CaF2 resulted in a decrease in contact angle (~ 15°) 
in comparison with uncoated carbonate. Coated 
carbonate produced metallic foam with a density 
comparable to that of samples treated by titanium 
hydride (l.OxlO3 kg-m"3) and much less then 
uncoated carbonate (1.7xl03 kg-m" ). For practical 
use of the new foaming agent, it is important that 
coated carbonate ensures aluminium foam with 
smaller pores (1.1 xlO"3 m) than those produced by 
the conventional FA, titanium hydride (1.8x10" 
m). The present study shows that calcium 
carbonate is highly applicable to foamed metal 
production. 
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Some heterogeneous materials contain foreign 
inclusions of cylindrical and close shapes. They 
may be reinforcing fibres or pivots. One of 
extreme examples of such inclusions is a 
cylindrical pore. If one applys the electric 
technology for fabrication or thermal processing of 
such materials then the melting of a binder phase 
may occur. There is the necessity of understanding 
of character of interactions between such 
inclusions and surrounding medium. During 
passing of electric current the thermal, mechanical, 
mass-interchange processes arise in materials. 
The model of a representative elementary volume 
of such a heterogeneous material may be imaged as 
a cylindrical poly-layered medium., for example, a 
three-layered one. Thus, the object under 
consideration is following one: a cylindrical 
conductor unlimited in axial direction is located 
inside a cylindrical liquid , which, in one's turn, is 
surrounded by a next solid layer. The electric 
current that is directed at an arbitrary angle with an 
axis of the model passes in general case. The 
current component which is parallel to the axis 
results in heating and pressure in radial directions 
to the axis [1'.It is expedient to concentrate the 
main attention on the current component that is 
directed perpendicularly to an axis (cross current). 
Since the model is not limited in the axial direction 
the problem is considered as two-dimensional. The 
stationary problem was solved. In the first step the 
electric current density distribution was 
determined. Such a distribution depends on 
conductivities of all media materials and 
geometrical dimensions. Further, the function of 
the thermal sources density W(r,y) was determined 
(r.^are the radial and angle cpordinates). This heat 
arises due to the Joule-Lenz effect. The function of 
the thermal sources density depends on the current 
density (besides conductivities, heat capacities and 
densities of the media materials).The following 
step includes determination of the temperature 
field T(r,y). It depends on the heat conductivities 
(besides above properties)12'. If the temperature 
dependence of conductivity is taken into account 

then additional causes of the flows may arise. At 
stationary regime the temperature and velocity 
fields are described by the equations (in reduced 
variables) 

(VV)0 = V20 + PcC
P
a'W 

k.AT (1) 

(VV)V = -W3 + PrV2V + 
p,c2a3AT d f 

k2       dT 
0 

(2) 

where V is the velocity, 0 is the ratio of 
temperature excess over the minimum temperature 
to the whole temperature range AT,pc is the density 
c/;is the heat capacity, a is the radius of the inner 
boundary of a liquid layer, ke is the heat 
conductivity, / is the body Lorentz-force arising 
due to current, P is the pressure, Pr is the Prandtl 
number. 
Eq. (1) is the equation of heat transfer; Eq. (2) is 
the modified Navier-Stokes equation. 
.The phenomenon predicted -arising of streams 
due to the term with (5/757)0 in Eq. (2) - might be 
called the electric-resistance-thermal convection. 
The character of such a velocity field V is 
determined in the first place by the dimensionless 
group that plays the similarity criterion 

2 „4 

R„ 
a/J0J0 a AT 

P^X, 
(3) 

where a is the temperature coefficient of 
resistivity, //„ is the magnetic constant, J„ is the 
current density in outer medium far from the 
liquid layer, vc is the kinematic viscosity, Xe is the 
thermal diffusivity. 
The physical sense of the dimensionless group (3) 
is such: it matches up the electromagnetic pressure 
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ajUnJifaAT/pe born due to a difference of the 
conductivity with the product ^accounting for 
viscosity and heat conducting ability of fluid. 
Group (3) resembles in some extent the classical 
Rayleigh number [3] , the criteria proposed by 
Bologa, Grosou and Kozhukhar' [4], and Daya, 
Morris and Bruin [5] The group proposed in the 
present theory characterizes the events of non- 
threshold nature (in contrast, for example, with the 
Rayleigh number). In real situations (for example, 
in some objects containing liquid metals with solid 
inclusions) the electric-resistance-thermal 
convection may coexist with other convection 
types. These phenomena may influence, in 
particular, the mass transfer and alloying 
processes. 
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Study of an interaction between fibrous filler and 
liquid binder at a stage of a "green body" forming is 
an integral part of a complex investigation of 
ceramic composite materials. Earlier it has been 
shown, that metal oxide fibres prepared by 
oxidation of salt-containing polymer materials 
possess a developed surface, high porosity, and 
consist of oxide nanograins [1]. When ceramic 
fibres are used as a filler in composite it is 
necessary to know their adhesion properties to a 
liquid binder because their interaction during a 
composite production influences on technical 
characteristics of ceramics. 

The work described here deals with the interaction 
between alumina fibres and aluminium cromium 
phosphate binder (ACPB) at their surface contact. 

Alumina fibres were obtained by oxidising hydrated 
cellulose fibres impregnated with aluminium 
chloride and additive magnesiun cloride solution. 
As initial materials cellulose filaments, felt and 
cord fabric were used. The ACPB was prepared in 
the form of aqueous solutions, their viscosity 
changed from 8,7i0"3 up to 145103 Pas. 

The investigation of surface phenomena was 
performed by method based on a continuous 
recording of the force variations during a wetting 
process of the cellulose fibre surface with ACPB 
from a contact moment up to a moment equilibrium 
[2]. The interaction between alumina fibres and 
ACPB solutions was characterized relaxation time 
of wetting T (s), an initial velosity of impregnation v 
(m/s) and wetting force f0 (N/m). The last parameter 
was determined as a ratio of the wetting force to the 
fibres bun perimeter: f0= FQ/P, when P=7tD/4, and D 
- diametr of fibres bun. 

Alumina filaments, felt and cord fabric remained 
their matrix forms of initial poplymer materials, and 
they possessed differential porocity (50-85%), and 
specific surface values (15-100 m2/g). More over 
the channels between individual fibres had various 
forms: parallel, perpendicular, branchy, etc. 
Therefore, these factors influenced on a velocity of 
wetting and impregnation too. 

In the present research the interaction of alumina fibrous 
materials with the liqid binder ACPB occured so 
actively that impregnation - liquid rise in fibrous 
samples was in advance of wetting meniscus formation 
at the boundary fibre - liquid ACPB. When values of 
alumina fibre specific surface were above 30-40 m2/g, 
impregnation proceeded rapidly, for several seconds and 
quicker. If values of fibre specific surface 20 m2/g and 
less the impregnation velocity was influenced of channel 
forms, the capillary forces was more in parallel interfibre 
channels. In felt the interfibre channels were branched, 
so impregnation rate was slower. A texture of a cord 
fabric is very complex: filaments are disposed 
perpendicular to each other. Besides the single fibres 
form screw-shaped channels because a liquid movement 
became slower (fig. 1). 

During investigation of the fibre - binder inetrface a 
viscosity, dencity and suface tension of ACPB solutions 
were taken into account. Normally, increase of salt 
concentration doesn't tend to cause changes in the 
surface tension of regular solution. But phosphoric acid 
and its salts in aqueous solutions form polymolecular 
structures: cyclic or branched [3]. Due to that a density, 
viscosity of aqueous phosphate solutions and cohesion 
interaction in the liquid binder increased as well as a 
surface tension at the interface liquid - gas. When the 
solution viscosity of the ACPB binder was changed from 
8,7-10"3 to 145 10"3 Pa-s the wetting relaxtion time 
became an order of magnitude higher and the 
impregnation rate decreassed correspondingly (fig. 2). 

The investigation established that the alumina fibres 
prepared by impregnation of polymer fibrous material 
with aluminium salt solution and by subsequent heat 
treatment had a high adhesion power to ACPB binder. 
The main technologycal factors affecting wetting and 
impregnation were solution viscosity and fibre texture. 
The role of these factors predominated over another 
parameters: a composition, fibre specific surface and 
ACPB surface tension. 
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Fig.2. Wetting relaxation time (A) and initial impregnation rate '(B) of alumina fibrous materials versus 
ACPB binder viscosity for various textures: filament (1), felt (2), cord fabric (3). 
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In the modern ceramics science, the 
following two interconnected urgent problems 
stand out. 1. Development of new material of 
engineering application, including materials 
intended for replacing critical metals. 2. Search 
for new approaches to the production technology 
of such materials. From an analysis of the world 
literature it follows that, in the last years, in 
production of ceramic materials, deformation 
treatments, including high-pressure ones, are 
extensively used. This is the evidence of the 
tendency to «metallurgization» of ceramic 
technologies. The preparation of ceramics by 
thermobaric sintering is an example of employing 
thermomechanical treatments that are widely used 
in metallurgical practice for regulating structural 
stales and strength properties of materials. The 
development of a class of polycrystalline 
superhard materials on the base of dense diamond 
and boron nitride phases is a direct corroboration 
of the high efficiency of the deformation approach 
in ceramic technologies [1, 2]. 

Electron microscopy and X-ray studies of 
superhard materials has shown [2, 3] that sintering 
of covalent materials under high pressures and at 
high temperatures is completely controlled by 
plastic deformation. This has been confirmed by 
further studies of the structure formation 
processes in samples of model materials (SiC, 
A1N, TiB:, B4C, and Si3N4). 

Irrespective of the type of the structure of 
starting materials, the formation of polycrystalline 
materials under high pressures and at high 
temperatures proceeds due to the development of 
structural transformations in the system of powder 
particles without high-angle boundaries formed 
between them. In the case of using starting 
nanopowders, the major structure formation 
processes are: formation of centers of collective 
growth through coalescence, collective 
recrystaliization, and further deformation of grains 
formed. For large starting particles (from several 
to hundreds of micrometers in size), the following 
sequence of structural transformations is realized. 
1.   Translational   (lattice)   plastic   deformation 

characterized by the high density of accumulated 
stacking faults in particles. 2. Plastic deformation 
and structural transformations in highly defective 
particles, i.e., under the conditions of suppression of 

• lattice plasticity. 3. Fragmentation of particles as a 
result of their splitting into disoriented regions 
(with smooth and discrete disorientations). 
4. Primary recrystaliization. 5. Collective 
recrystaliization. The structure of starting powder 
materials exerts a radical influence on the 
mechanisms of development of the indicated 
processes, which is caused by different mechanisms 
of lattice deformation. This is most convincingly 
confirmed by the example of studies of a group of 
materials on the base of diamond and diamond-like 
phases with the wurtzite (2H BN. 6H SiC, 2N A1N) 
and sphalerite (3C BN, 3C SiC) lattices [4]. 

In terms of mechanisms of translational 
deformation, determining the type of a defective 
substructure, these substances can be divided into 
three groups. 1. 2H BN and 6H SiC. Deformation is 
realized by splitted basal dislocations, which 
determines the high density of stacking faults 
formed in particles. 2. Diamond. 3C BN, and 3C 
SiC. The combination of slip and small-scale 
twinning along the planes (111). 3. 2H A1N. Slip by 
complete basal dislocations. Based on the 
dependence of the factor of splitting of dislocations 
on the energy of a stacking fault, it can be 
suggested that the value of the latter increases from 
the first to the last group of materials. 

Data on the development of processes of 
structural transformations in the indicated three 
groups of materials in the stage of rearrangement of 
highly defective structures formed as a result of 
lattice deformation obtained in electron microscopy 
studies of structure evolution are presented in the 
Table.The investigated specimens were prepared in 

• a toroid type chamber.The results of a study of 
deformation-induced substructures in the sections 
(110) of diamond, 3C BN, and 3C SiC crystals and 
in the sections (1120) of 2H BN, 6H SiC, and 
2H ALN crystals are given. 
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Mechanisms of Dynamic Rearrangement of the 
Deformation-Induced Substructure in Powder 
Particles.   
Starting 
material 

2HBN 

6HSiC 

2HA1N 

Diamond 

3CBN 

3CSiC 

A sequence of action of the 
mechanisms of structure rearrangement 
with increasing temperature under P = 
7,7 GPa and temperature ranges 
Kinking -» dislocation recovery within 
the boundaries of fragments -> primary 
recrystallization (PR) of the 3C phase 
-» collective recrystallization (CR) 
(1200-2000°C)  
Kinking -» dislocation recovery within 
the boundaries of fragments -» PR of 
the 3C phase -» CR of heterophase 
grains -> PR of heterophase grains 
(1200-2300°C)  
Bending deformation -» dislocation 
recovery in the bulk of particles -» 
formation of subboundaries ->■ PR 
(1000-1600°C)  
Entering of dislocations in the bulk of 
twins -> development of reorientation 
bands -» formation of dislocation pile— 
ups along the path of twins -» 
destruction of twins -» dislocation 
recovery in the bulk of twins) (1800- 
2300°C)  
Entering of dislocations in the bulk of 
twins ->■ development of reorientation 
bands -> formation of dislocation pile- 
ups along the path of twins -» 
destruction of twins -> PR (1600- 
2200°C)  
Mechanisms   analogous  to  those   for 
3C BN (1400-2000°C)  

It is seen from the Table that, in the 
process of evolution of the deformation-induced 
substructure, fragmentation of particles and their 
further recrystallization proceeds. For A1N only, 
fragmentation of crystals is caused by processes 
of ordering of dislocations in volume (dynamic 
dislocation recovery). For the other substances, it 
occurs due to proceeding rotational plasticity, 
retardation of transverse slip, kinking, and 
formation of bands of reorientation. The 
development of this deformation is caused by the 
action of the following three factors: suppression 
of transformational plasticity, retardation of 
transverse slip, which is due to the low energy of 
stacking faults, and the constraint of deformation 
processes in the system of differently oriented 

particles. Further primary recrystallization of the 
considered materials proceeds due to preliminary 
fragmentation. In the indicated three groups of 
materials, the mechanisms of deformation also 
differ [5]. In the first stage, recrystallization 
proceeds along grain boundaries, and then in the 
volume of particles. Only in the stage of primary 
recrystallization, well-developed grain boundaries 
form. 

On the whoie, the formation of the 
materials under high pressure with increasing 
temperature proceeds by successive transformation 
of one structural state into another (see the Table). 
Depending on sintering conditions (pressure, 
temperature, the time of isothermal exposure, and 
the degree of hydrostatics in a pressure chamber), in 
the material, can be obtained both a structural state 
(highly strained, fragmented, recrystallized) 
homogeneous within the whole volume and a 
heterogeneous one. The rearrangement of the 
microstructure with increasing temperature 
proceeds in the direction of decreasing size of 
starting particles due to fragmentation and primary 
recrystallization. With using powders of highly 
strained substances, in materials, nanodisperse 
states (in the whole volume or in a binding phase) 
can be obtained as a result of processes of 
fragmentation and recrystallization. This has been 
shown by the example of 2H BN synthesized in 
shock waves and diamond the powders of which 
were preliminary treated in shock waves. 

The results of the structural studies of the 
materials on the base of diamond and diamond-like 
phases allow us to conclude that the mechanisms of 
plastic deformation and further structural 
rearrangements during thermobaric sintering of 
covalent materials are determined by such a 
fundamental characteristic as the energy of a 
stacking fault. 
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MODELLING OF INTERACTION AT INTERFACES DURING POWDER 
COMPOUNDS FOR CERMET FILMS SINTERING 

O.i.Shulishova, NA'.Shevchyk, I.A.Shcherbak 
Institute for Problems of Materials Science of NAN U, Kiev. Ukraine 

Ultimately composition, structure and peculiar 
characteristic of sintered compound materials are 
conditioned by interaction on the boundary 
between the different phases during sintering 
Electrical properties of material conductivity and 
its temperature dependence are especially sensitive 
to composition change in interphases contacts 
zone. 

Thus, the electrophysical properties of cermet 
films are formed by the physicochemica! 
interaction between the current conducting and the 
glass binding phases in the process of filing 
resistive composites. It is just what affects the real 
microstructure and the electrophysical properties 
of resistive films. 

Investigation the interaction on the boundary 
between the current conducting and the glass 
binding phases directly in cermet films by electron 
microprobe analysis with recording of the intensity 
of reflected electrons and the intensity of the 
characteristic x-ray radiation of the 'elements 
composing the specimen is complicated by small 
dimensions of the initial powder particles. 

The depth of penetration of the electron probe, 
amounting to several micrometers, is comparable 
with the dimensions of the particles of the current 
conducting phase and with the width of the regions 
of interactions of the current conducting and glass 
binding phases, and it was therefore not possible to 
reveal the peculiarities of the diffusion of each 
element directly on the sections of the cermet 
films. 

Moreover when sections of the films are 
studied, the "edge effects" on the boundary of the 
current conducting phase must also be taken into 
account: they are due to the fact that the particles 
have a shape close to spherical, and the electron 
probe., intersecting them, passes through different 
thickness at the edge of the particle or at its center. 
Thar is why the distribution curves of the intensity 
of the characteristic x_ray radiation contain the- 
contribution of both the actual diffusion of 
chemical elements on the phase boundary and of 
the above-mentioned "edge effect". 

To eliminate both, the "edge effect" and the 
effect of the small dimensions of the particles, we 
carried out investigations of the physicochemica! 
interaction   of   the   materials   of' the   current 

conducting phase and the glass phase on model 
sections. Model specimens was transverse sections 
consisting of alternative layers of current 
conducting and glass biding phase subjected to 
heat treatment by the regime of firing resistive 
pastes. As objects of the investigation we chose 
films containing hexaborides of rare-earth 
elements (REE) SmB,-, PrB;, EuB,; and of glass 
with crystallizing composition and also films based 
on ordinary ruthenium oxide and glass. 

The films were obtained by the standard 
technology i.e., applying by stencil printing the 
respective resistive pastes to a base of ceramics 
type M7 with subsequent high-temperature firing 
at 850V in air with holding for 1(1 min at the 
maximal temperature. The change of concentration 
of the chemical elements at the transition across 
the boundary between the current conducting and 
glass binding phase was investigated on an "x-ray 
microanalyzes type "Superprobe-733". 

It is established that there is considerable 
interdiffusion of the chemical elements contained 
in the current conducting and the glass binding 
phase. The diffusion of most elements into the 
bulk., across the phase boundary, may amount to 
several micrometers. Consequently. the 
composition of the intergranular dielectric 
inferlayers, which play an important role in the 
mechanism of the passage of electric current in 
cermet films, differs considerably from the 
composition of the initial powders of the glass 
binding phase. 

It had been established earlier (! ] that in high- 
temperature firing hexaborides of REE "as 
components of the resistive films are subjected to 
considerable oxidation. The oxide film forming on 
the surface of the particles contains boron oxide 
and borates of REE. and its protects the particles 
against further oxidation. When hexaborides are 
used as current conducting phase, this oxide film in 
the process of high-temperature firing of the 
resistive pastes interacts with the fused glass phase, 
and this leads to the formation of the real 
microstructure of the resistive film. Bearing this in 
mind, we have to expect that there is a substantial 
difference between interdiffusion of chemical 
elements on the phase boundary in specimens fired 
in air, where the processes of oxidation   play a 
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significant role, and in specimens fired m vacuum 
where there is no such oxidation. This is bound tj 
find expression in the working characteristics of 
the respective resistive films. 

The good working characteristics of cermet 
precious metal films are due tj the absence of 
oxidation of the electrically conducting phases. It 
is of interest too. to study tire behavior of resistive 
boiide films also fired under conditions precluding 
the oxidation of the boride grains, e.g., in vacuum. 

To find out to what extent the processes of 
oxidation affect the scale at interaction on the 
boundary of the current conducting and glass 
binding phase in hexaboride films, we investigated 
the zone of contact of samarium hexaboride single 
crystal with the glass binder. The use of single 
crystals made it possible to eliminate the effect of 
the porosity of the specimens of hexaboride on the 
intensity of the characteristic x-ray radiation of the 
elements contained in the model section. 

The photomicrographs of sections fired in 
vacuum and in air show distinctly the difference in 
the diffusion of chemical on the phase boundary. 

For instance, if? specimens fired in air there 
occurs diffusion of samarium into glass and 
depletion of silicon in the near-boundary layer of 
glass; this is bound to lower the melting point of 
glass and the viscosity of its melt. This manifests 
itself on the working characteristics of the 
resistive films. The resistivity of films fired in 
vacuum is almost ten times lover than those fired 
in air, the resistance temperature coefficients 
attains in absolute value 3.10"\K"! , after moisture 
resistance tests of resistors the resistance of films 
increases by a factor of 3 (Hi 5. In films fired in air, 
oxidation of particles of the current conducting 
phase has the effect that the oxide film forming on 
the surface interacts intensively with the molten 
glass phase, and tins results in the formation of a 
compact flawless microstructure of the films. This 
makes it possible to obtain precise working 
characteristics of resistors based on hexaborides of 
REE. For instance, in the range of resistivities 
Kf-Iif they have a resistance temperature 
coefficient in absolute value not exceeding 
iT0~'X. \ and moisture resistance not poorer than 

In the investigation of the cross section of 
cenrtet films based on ruthenium oxide and glass, 
in which firing is not accompanied by processes of 
oxidation, we find weak interaction of the current 
conducting phase with the glass phase with 
imperceptible diffusion on the boundary, this 
follows from the more distinct maximum of 
intensity    of   the    characteristic    radiation    of 

ruthenium when the electron probe passes over the 
boundary of the current conducting phase. The 
investigation of diffusion zone in different 
conditions of the firing and its coordination ivith 
working characteristics of cermet films fired in the 
same conditions makes it possible to determine the 
criterion of the stability and the reproductivity of 
the working characteristics of cermet films: 

N'lanufacturing of resistive cermet films with 
stable and reproductive working characteristics it is 
possible only when maximal dimension of the 
current conducting particles is smaller than width 
of the diffusion zone in model sections fired at the 
same conditions as the firing offne cermet films. 

Optimum working characteristics of the 
resistive cen.net films based on MeBfi correspond 
to the correlation when maxima! dimension of the 
MeB6 current conducting particles 3-5 time smaller 
than average dimension of the diffusion zone. 

It obviously means that during process of the 
high-temperature firing at 850°C in air with 
holding for 10 min at the maximal temperature 
diffusion processes have enough time to occur 
completely in particles of all dimensions in the 
cermet film and its composition and property are 
average for each particle. 

For ordinary regime of firing of cermet 
resistors according to this criterion optimum of the 
current conducting particles based on SmB<s 
dimension must be 3-5 ukm, as it is really 
confirmed experimentally. 

For resistor based on noble metals with very 
narrow diffusion zone current conducting particles 
dimension must be ten time smaller. That is why 
better cermet resistors based on noble metals 
contain current conducting particles of 
submicrometre dimensions [2]. 

However it is necessary to notice that the 
smaller current conducting particles the stronger 
the influence of eieetrostatieal charge effect upon 
temperature dependence of eloctroeonductivity [31. 
That is why cermet resistor based on bolides of 
REE surpass by its working characteristics cermet 
resistor based on noble metals. 
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CRACK NUCLEUS AND BRTTTLE FRACTURE OF METALS AND 
ALLOYS 

Kotrcchko S., Mcshkov Yu. 
G.V.Kurdyumov Institute for Metal Physics, National Academy of Sciences of the Ukraine. Kyiv, Ukraine 

Possibility of development of physical theory 
of fracture of metals and alloys based on a concept 
of the crack nucleus (CN) as the origin of brittle 
fracture of crystalline solids is presented in this 
report. It is shown that ON are of the same impor- 
tance for brittle fracture of metals as dislocations 
for plastic deformation. It means that analysis of 
the CN properties gives the following possibilities: 
• to study main regularities of microstructurc, 

substructure and crystallographic texture effect 
on the level of brittle strength of structural 
steels; 

• to formulate ideas on physical nature of brittle 
and ductile state of metal; 

• to explain stress-strain slate effect on the value 
of brittle fracture stress. 

It is shown that interrelation between the CN 
length and grain size gives rise to increase in brittle 
fracture stress with grain structure refinement. 
Specific feature of structural steels is that their 
fracture is controlled by the CN of two kinds: 
• CN that fonn by dislocation mechanism and 
have size -0.01 d,, (d,, is grain size); 
• CN which arc the result of carbide particle 
fracture and have respective size. 
In such case the level of brittle strength of struc- 

tural steel, RNir, is controlled by those micro- 
structural element in which the CN of maximum 
length fonn. It results in existence of certain criti- 
cal relations between sizes of microstructural ele- 
ments, which control the level of brittle strength of 
steel. These relations are key condition for both 
optimisation of steel structural slates and estima- 
tion of possibility to raise steel strength and tough- 
ness. Physical theory of influence of grain inho- 
mogeneity on the level of brittle strength of metal 
is given. It is shown that decrease in brittle fracture 
stress at growth of grain sizes variance is due to 
CN formation in grains which sizes are situated in 
"tail region"' of distribution. Relation between real 

grain size variance and RMr level is ascertained. 
For martensite steels ultimate levels of brittle 
strength arc estimated, and demands to grain 
structure homogeneity that enables to reach such 

RMC levels are formulated. 

Theoretical analysis of microstress effect on the 
CN unstable equilibrium is carried out. It is shown 
that solelv microstresscs actine at the moment and 

at the locus of crack nucleation affect essentially 
the CN. Dislocations of the same sign piled near 
grain boundaries where the CN usually form are 
the origin of such microstresses. Influence of these 
microstresscs gives rise to decrease in the value of 
macroscopic stress required for the CN unstable 
equilibrium. This effect is the cause for existence 
of decreasing branch on the curve "brittle fracture 
stress vs. strain" for metals and alloys. This branch 
has minimum which determines the value of brittle 

strength of metal RM(.. Critical value of residual 

strain, ec, corresponds to it (for iron and carbon 

steels ec-0.02-0.08). 

Physical nature of influence of great pre-strain 
on the level of brittle strength of metal and its ani- 
sotropy is considered. It is shown that crystallo- 
graphic determinancy of onentational distribution 
of CN opening planes is the cause for this effect. 
Estimations of the maximum value of brittle 
strength anisotropy are obtained for rolling and 
drawing textures in iron. 

The CN are sensitive to stresses normal to their 
opening plane. As a result, critical stress of the CN 
unstable equilibrium depends on its orientation and 
stress state. It permits both to explain physical na- 
ture of the well-known in mechanics effect of fall 
in the value of brittle fracture stress of metal at 
transition from uniaxial to bi- or triaxial tension 
and to give its quantitative description. 

In conclusion, theoretical ideas on ductile and 
brittle state of metal are formulated. It is shown 
that ductile or brittle state of metal is predeter- 
mined by degree of stability in the CN ensemble. 
Metal is ductile if at the moment of CN formation 
the level of tensile stresses acting in metal is not 
enough for the CN unstable equilibrium. Metal 
may deform plastically without danger of brittle 
fracture at such state in the CN ensemble. Other- 
wise, metal is brittle. Such approach has allowed to 
establish comprehensive characteristic for descrip- 
tion of the effect of both structure and loading 
conditions on metal state. On this basis new com- 
prehensive quantitative characteristic of toughness 
that includes macroscopic properties of metal as 
well as conditions of metal loading is formulated 
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METHODOLOGY OF ESTIMATION OF STRENGTH RELIABILITY OF 
STRUCTURAL MATERIALS AT ALL STAGES OF LIFE CYCLE 

Mileshkin M„ Biblik I. 
A. Podgomy Institute for Mechanical Engineering Problems of the National Academy of Sci- 

ence of Ukraine, Kharkov, Ukraine 

Usually at designing of engineering products from 
any materials four basic moments are emphasized: 
development of materials, their estimation, de- 
signing of product and prediction of its fracture. It 
is obviously, that in number of cases this scheme 
should be supplemented with various tests of mate- 
rials, and then of products (control-technological, 
hand-over tests, regulation during operation etc.). 
The basic task of these tests is estimation of a real 
level of strength reliability and resource. 

It is obviously, that it is necessary to aspire to con- 
sideration of strength aspects of the material be- 
haviour at all stages of its life cycle within the 
bounds of uniform methodology. The difficulties 
of creation of uniform methodology are connected 
with several reasons - variety of materials, variety 
of mechanisms of deformation and fracture and 
such features of real materials, as dispersion of 
properties, presence of various technological and 
operational defects, change of material properties 
on stream etc. [1]. 

One of possible approaches to decision of this 
problem was creation of special design-experi- 
ment method (DEM) [2]. This method is realized 
within the bounds of traditional model of strength 
reliability, but the realization of model essentially 
differs from traditional approaches and represents 
imitating computer modeling per se. 

It is known, that the model of strength reliability 
consists of four particular models - model of mate- 
rial, model of form, model of loading and model of 
fracture. 

We shall consider briefly the basic moments of 
DEM realization. 

Model of a material. The existing models of a ma- 
terial can be divided on physical, engineering- 
physical and engineering (model of continuum). 
Namely the engineering models are used in tradi- 
tional sü-ength analysis most often. However real 
constructional materials are characterized by 
structural and (or) mechanical heterogeneity first 
of all. Heterogeneity of deformation and fracture is 

characteristic even, for example, for single-phase 
materials. Therefore creation of adequate model of 
material in DEM is one of the main tasks. In DEM 
the model of material represents an array of struc- 
tural elements, to each of which the value of its 
limiting mechanical properties (deformability, 
strength etc.) is set depending on statement of task. 
This array represents one "layer" of material. De- 
pending on type of material and product the final 
model of material represents a certain set of arrays. 

The models of the form and loading are almost 
traditional. Based on them the "step of loading", 
and also "the value of a step" are defined. 

The model of fracture represents imitating devel- 
opment of process of deformation and fracture. We 
shall illustrate it briefly. 

Let three neighboring structural elements (Fig. 1) 
have deformation of fracture 1,0 %, 2,0 % and 
3,0 %. 

a) b) c) d) 

2,0 % 1,5 % 1,0% 1,0 %-£x 

1,0% 0,5 % 0 0 
3,0 % 2,5 % 2,0 % 2,0 %-Sx 

initial 1 -st step 2-nd step 

Fig. 1. The schematic sketch of development of 
fracture process 

Let value of "step of loading" is 0,5 %. We make 
first step. At that the resource of deformability of 
each structural element is exhausted on this value. 
Already after second "step of loading" the middle 
element has exhausted the resource of deformabil- 
ity and has fractured. It is natural, that because of 
stress and deformation concentration in its tops the 
arisen crack will lower residual deformability of 1- 
st and 3-rd elements on certain value sx. If value ex 

is more than 1 %, 1-st element will be fractured 
also, the crack length will increase etc. According 
to such scheme the "loading" of computer model of 
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a material is continuing until its complete fracture 
will not come and then the strength characteristics 
of material will be defined. Definition of value EN 

is made depending on tasks of modeling by means 
of power or energy approach. 

The various examples of method realization arc 
considered in this work. Here are given only some 
of them. 

1. An estimation of strength at the material 
designing we shall consider on example of com- 
posite aluminium - boron. Array size - 300x300. 
Characteristics of fibres: module of elasticity - 400 
GPa, diameter of a fibres - 100 u. fibre vo-lumc - 
50 %. distribution of limiting deformations - ac- 
cording to the normal law with a maximum at 0,9 
% of deformation; a matrix: module of elasticity - 
70 GPa, module of normal plasticity - 1,4 GPa, 
distribution of limiting deformations - according to 
normal law with a maximum at 20 % of deforma- 
tion. Loading - uniaxial tension. Step of deforma- 
tion in fibre direction - 0,05 %. For realization of 
fracture model the energy approach is used. The 
diagram of deformation in line with the reference 
data is given in Fig. 2. 

2. Designing of product and analysis of ways 
of increasing of its strength are considered on an 
example of cylindrical shells with the bottoms 
from glass firer-epoxy composite. The shells con- 
sisting of 12 layers (6 ring and 6 spiral) were 
loaded with internal pressure. The registration of 
fracture process at the loading was earned out by a 
method of acoustic emission (AE). The researches 
have shown, that the early formation of cracks in 
parallel to fibres in ring and spiral layers is char- 
acteristic for such shells. The modeling was carried 
out on the basis of AE parameters using. After de- 
bugging of modeling method the designing new 
shells has been carried out on the basis of results of 
test of the reference specimens using AE method 
also. The results of designing have shown, that the 
method can be used as well for research of influ- 
ence of initial properties of components on 
strength. For example, the increase of matrix de- 
formability results in disappearance of early frac- 
tures between fibres and increase of strength [2]. 

3. Estimation of strength reliability of mate- 
rial with operational defects (Fig. 3). Material - 
pipe steel. Types of damages - corrosion, cracks, 
"aging" (reduction of material fracture deforma- 
tion). Model of material - at thickness of pipe of 10 
mm and at grain size of steel of 0,1 mm it is expe- 
diently "to create" a model consisting of 100 lay- 
ers. Distribution of limiting deformations - ac- 
cording to the normal law with a maximum at 30% 

of deformation. Loading step - 1,0 %, approach to 
pressure redistribution - power. 

o, GPa 

0.4    £. % 

Fig. 2. Diagram of deformation 
of composite aluminium-boron. 

Fig. 3. Change of bearing strength of 
pipeline  clement  (Pre!)   with  surface 
crack (lrci)  at various  macrodeform- 
ability of steel: 
1 -e= 12%, 2-e = 24%. 
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The review of the literature shows, that the 
majority of publications in the field of 
development of new materials is devoted to an 
experimental research of those or other 
mechanical characteristics in connection with 
technological parameters of their reception and, 
at the best, with their structure. Only small part 
of works is directed on construction of 
structure-property models of a material. In this 
connection the problem of construction of the 
above-stated models is actual. 

Models of mechanical properties can be 
divided on mechanical and physical. 

The former are based on postulates of the 
mechanics of a deformable solid body on the 
homogeneous continuous medium, its 
indissolubility, linear or more complex 
dependence between stress and deformation in 
an allocated element of volume. In a result the 
mechanical approach gives the equation of a 
mix for a structural - non-uniform or composite 
material 

O"K = a* V $ + a* V, (1) 

where aK - strength of a composition, GQ, and oM 

- strength of a phase and matrix components. 
V,j, and VM - reletive volume fractions of the 
appropriate phases. If to enter into (1) such 
concepts frequently discussed in experimental 
researches as boundary between phases or 
intermediate layer, its strength and thickness, 
and also residual stress which operate mainly in 
it, researched dependence becomes 
complicated. For example, with reference to 
materials of layered structure (microlayer) in 
work [1] the equation of a mix is offered as 

c.,K (N) = a, (N) (h,- 2hnci)/(hi + h2) + 

[tfnci (N) + °OCT] 2hnci/(hi + h2) + a2 (N) (h, - 

2hnc2)/(hi + h2) + [crnc2 (N) - c0CT] lWChi + 

h2), (2) 

where u.\K (N)- cyclic (in particular) strength of 
a composition, C\ (N) and G2 (N) - cyclic 
strength of its components, hi and h2 - 
thickness of components, hnci and hnc2 - 
thickness of intermediate layers in component, 
crnci (N), crnC2 (N), anC2 (N) - cyclic strength 
of intermediate layers and residual stress of the 
second sort (in components). To calculate 
strength of a composition in this case it is 
inconvenient, as all values included in more 
complexmodel are not known. 

Physical models of strength are based on 
positions of a science about dislocations or 
physics of a solid body. It first of all models of 
the Hall - Petch [2,3] for a yield strength, the 
Mott- Stroh [4] and Grednev with co-authors 
[5] for ultimate strength, and also for fatigue 
strength [6] 

O"K = tfi + K.j A' 
-1/2 (3) 

where Gj and Kj - factors, A - the generalized 
parameter of structure which can become 
medium-sized grain D or a dislocation cell d 
in polycrystalline, an average free way between 
particles A in dispertion-strengthened, 
thickness of a layer h in layered materials. 
Within the framework of these models this or 
that parameter of structure and strength of a 
structural - non-uniform material, settlement 
value of the second or experimental value of 
the first factor (3) are usually known, and the 
problem is reduced to definition of this or that 
unknown value. 

It is obvious, that the joint decision of the 
equations (1) - (3) allows to understand 
mechanisms of destruction of structural - non- 
uniform materials more deeply to determine 
strength of separate components of a 
composition and to reveal thus its weak places. 

The given method was applied for research 
of mechanical properties of microlayer 
condensed materials Fe/Cu, Cr/Cu, Mo/Cu , Cu 
(Y)/Mo,    and    also    dispertion-strengthened 
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materials Cu-Mo, CuAI-Mo, Cu-NbC [7], 
NiCr-Al203. Thus experimental dependences a. 
\, CTB, CJO,2, 8, £-1 as functions D, h, A are 
obtained, and also micromechanical models of 
local strength that has allowed to obtain a 
number of new results are constructed. In 
particular, it was possible to explain within the 
framework of quantitative model negative 
values of the first factor of the equation such as 
Mott-Stroh for a limit of endurance in system 
Mo/Cu and to predict initial destruction on an 
interphase surface, and also to assess thickness 
and strength of an intermediate layer on border 
of the unit of phases and residual stress in it. 

Another application of the given method is 
proposed for sintered materials of a different 
nature and according to various structure. 
Modelling structure sintered higt-porosity 
materials on the basis of discrete fibres (such as 
felt) and cell-porous materials and expecting 
their elastic deformation it was possible to 
obtain analytical dependences of the module of 
elasticity [8], deformations and fatigue strength 
of researched materials from properties of a 
firm phase, parameters of structure and 
porosity. In the practical plan it allows to reveal 
weak places higt-porosity materials and to offer 
measures for their strengthening. 
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RESIDUAL STRESSES AND PROBLEMS OF STRENGTH OF THE 
AXIALLY SYMMETRIC METAL ARTICLES 

Kolmogorov G.L., Kuznetsova E.V., Kovalev A.E. 
Perm State Technical University, Perm, Russia 

Introduction 
Technological residual stresses define the quality 
and operating characteristics of metal production 
During the process of production of axially sym- 
metric articles by means of plastic deformation 
under the action of residual stresses the scheme of 
flat elastic deformed state is realized in the articles. 
One of the typical characteristics of such scheme is 

the absence of axial deformations (sz=0). 

Definition of residual stresses 
Solving the flat problem of the elasticity theory 
with regard for boundary conditions, the compo- 
nents of residual stresses tensors may be written in 
the following form for pipes [1] 

ar ^-a0(Ri -r)(r-R2), 

ce =+a0[(r-R])(r-R2) + r(2r-Rl -R2)], 

az =a0vl2(r-R])(r-R2) + r(2r-Ri -R2) 

(1) 

where ar,OQ,az - are radial, peripheral and axial 
residual stresses respectively, r - is a current radius 

of article, a0 - is an unknown constant, charac- 
terizing distribution of residual stresses along the 

thickness of the pipe; R^ and R2 - are external 

and internal radiuses of the pipe respectively, u - 
is a Poisson coefficient; 

Knowing the tensor of residual stresses o/y- in the 

wire and pipe stocks, it is possible to define poten- 
tial energy of elastic deformation in the volume of 
wire and pipe stocks respectively from actions of 
residual elastic stresses. 

For the known components of the stresses tensor 

CT,• ■ it is possible to find the components of tensor 

of relative elastic deformations s/y- by means of 

the generalized Hook law and to calculate the po- 
tential energy of residual stresses, con'esponding to 
the initial strained state 

1 

where V- is a stock volume. 

(2) 

After substitution of tensors of stresses and defor- 
mations into the expression (2) and after integra- 
tion along the unit length and transformation we 
shall obtain expressions for potential energy in the 
pipe stock 

C/,=^-(lV)(l-Ä2)BÄf, (3) 

where 

B=l{l + R4 

60E 

)+22R2 18i?(l + i?2); R=R2/R] 

All existing methods of the residual stresses defi- 
nition have experimental character in the whole, 
they are not universal and their application leads 
very often to the significant errors. In the work [1] 
the engineering method of definition of techno- 
logical residual stresses under the plastic deforma- 
tion of axial symmetric articles on the basis of en- 
ergetic approach, containing the fact that potential 
energy of elastic residual stresses is considered as a 
part of energy required for plastic deformation, is 
suggested 

U = yUd> (4) 

where Ud - is the energy of plastic deformation; 

\\i - is a parameter, defining the part of plastic de- 
formation energy, required for formation of resid- 
ual stresses. 

The energy of plastic deformation has the follow- 
ing form for the pipe of a unit length: 

UP=%\R 
-1      o \8a' MI)* Vs dz (5) 

where GS - is a resistance to deformation of the 

processed material; sav- is an average degree of 
deformation along the stock's cross-section; 

Degree of deformation, included in the given rela- 
tions, has a large value under the technological 
calculations. It necessary to know the degree of 
deformation in order to make justified choice of 
the main technological parameters of concrete pro- 
cesses of metals processing by pressure. 
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In accordance with the method, suggested in the 
work [2] it is possible to write down the expres- 
sions for definition of deformation degree in the 
pipe 

4tg cx,,(l-tf3) 
= 2LnD„/ß,H -r—^-i,      (6) Jav w^v]"' 

where D0 and D} arc pipe external parameters 

before and after deformation. a = R'0/R0, R'() and 

RQ - internal and external radiuses of pipe before 

deformation, a_„- is a slope angle of the generator 
of conic instrument to the axis of a stock. 

It is known that degree of deformation influences 
the resistance of construction materials to the de- 
formation. For the majority of metals this depend- 
ence has the following form: 

G.v = a J + mz. (7) 

where G-So - is the initial resistance of metal to 

deformation: m, n - are the empirical coefficients, 
characterizing deformation strengthening. 

With regard for the degree of plastic deformation 
and deformation strengthening of the stock mate- 
rial we shall obtain the expressions for definition 
of unknown parameters, characterizing the value of 
residual stresses: 

0()=-^<L_.| • L     (8) 

(    r V2 
l * Vj'C 

where   V,J   = | —       -   is a dimensionless pa- 
<5s U 7 

rameter. 

By means of the formula (8) in accordance with 
the known parameters of the plastic deformation 
process is possible to calculate postdeformation 
residual technological stresses in pie (1) articles. 

Evaluation of strength of the axially symmetric 
articles 
The experience of constructions' exploitation 
shows that residual stresses in the surface layers of 
a stock can influence the strength of the whole de- 
tail and under the action of alternating stresses in 
particular. The intensity of stresses can be defined 
in case, if we know the level of residual stresses 

(1): 

°i =^v(a/- -ao)2-Ktf,- -o,)2+(o0 -c..)2.   (9) 

Radial stresses for the internal and external pipe 
surfaces - are zero. Having substituted expressions 
(3) into formula (21) we define the intensity of re- 
sidual stresses for the internal (r = R-,): 

o, = ai)R2(R] - R2)4\- u + u2 ,      (10) 

and external surfaces of a pipe stock (r - R{): 

O;  =Ö0/?,(Ä,   -/?2)V1-H+H     ■ 
(ID 

In this connection evaluation of danger of the stock 
fracture because of residual stresses in accordance 
with the strength criterion of the specific energy of 
form measuring 

a,-GB. (12) 

In some cases it was established that aH = <r, (oB 

-- is a strength limit on tension). 

Thus, using the above-mentioned method of cal- 
culation of technological residual stresses it is pos- 
sible to define the limiting modes of plastic defor- 
mation of axially symmetric articles by the condi- 
tions of strength security. 

Conclusion 
The method of calculation of technological resid- 
ual stresses in axially symmetrical articles, made 
by plastic deformation, is suggested. Formulas for 
definition of residual stresses in the rod and pipe 
stocks have been obtained. The influence of turn- 
ing of axially symmetrical stocks on the level of 
potential energy of residual stresses has been 
shown. The influence of residua] stresses on the 
rods' and pipes' strength is evaluated. 
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The development of modem semiconductor 
material science and semiconductor device 
manufacturing is tightly connected with advance in 
processing and preparing of semiconductor 
surfaces. The receiving of high quality surfaces of 
semiconductor materials, which have perfect 
structure and geometry and homogeneous chemical 
composition, has exceptional importance at the 
manufacturing of semiconductor devices. Now 
these problems are successfully resolved by the 
chemical wet etching. The etchants with different 
etching velocity, surface roughness, degree of 
surface contaminations with etchant components 
and products of chemical interaction of 
semiconductor with etchant and some other 
characteristics are worked out for various purpose. 

Chemical etching, based on the chemical 
dissolution processes, is one of the main 
technological operation at the chemical treatment 
of semiconductor single crystals and thin films 
which widely used at the manufacturing of 
different semiconductor devices, apparatus and 
integrated circuit. Knowledge of kinetic behavior, 
mechanism and nature of semiconductor 
dissolution are the most important condition and 
measure at the selection of corresponding solution 
composition for polishing, anisotropic or selective 
etching and chemical cutting. High resolving 
power of some etchants allows to use them on the 
different phases of substrate manufacturing, but for 
this, it is necessary to develop the etchants with 
corresponding velocity of material elimination, 
surface roughness and some other parameters. 

The miniaturization of integral circuit and 
semiconductor devices required the development 
of new etchant composition with slow etching rate 
and the possibility to obtain the stoichiometric 
composition of surface layers for different 
semiconductor materials. This necessitates the 
creation of new etchants for different purposes at 
the chemical treatment of semiconductors. 

The velocity of the semiconductor dissolution 
is the quantitative characteristic of etching process 
and one of the main etchant properties. Therefore it 
is necessary to investigate the concentration 
dependence of semiconductors dissolution for all 

etchant compositions. Such dependencies for three 
component etchants can be represented as the 
surfaces of equal etching rate or Gibbs diagrams. 

The diagrams "etching rate of semiconductor 
(mu/min) - etchant composition" of the different 
systems, using nitric acid, hydrogen dioxide, 
iodine and potassium dichromate as a oxidizing 
agent were constructed by us with the help of 
mathematical planning of experiment. Such 
diagrams provide the possibility of comparison of 
the different etchant compositions by their etching 
rates and selection of the best etchant for given 
semiconductor compound. 

The dependence of etching rates of 
semiconductors on etchant compositions of 
different etching systems have been studied in 
reproduced hydrodynamic conditions using 
rotating disk. The experiments were performed 
using single-crystal wafers with the surface area of 
about 0.5 cm2 and thickness 1.5-2 mm, which were 
cut from ingots. Prior to the etching, the wafers 
were mechanically polished, and the surface layer 
of 50 to 80 um was removed with etchant of the 
same composition as that subsequently used for 
studies of the etching process. Etchants were made 
just prior to use from high purity components. The 
samples were attached to quartz substrates using 
pizzeine and then mounted in a holder allowing 
measurements in the rotating disk mode (with the 
rotation rate ranging from 36 to 120 min"'). After 
processing the samples were washed off with 
distilled water. 

The etching rate was determined by the wafer 
thickness reduction using ICh-1 time indicator 
(accuracy of measurements was 0.5 um). Two or 
three samples were etched simultaneously, with 
difference in the measured thickness not exceeding 
5 %. Before etching all etchants were allowed to 
stand for 40-80 min to ascertainment the 
equilibrium in the chemical reactions which can 
take place between etchant components. The 
solutions were prepared using high-cleans 70 % 
HN03, 30 % H202, 13 % K2Cr207, 34 % HC1, 40 
% HBr, 55 % HJ, 100 % acetic, 27 % tartaric, 20 
% citric, 9 % oxalic and 40 % lactic acids, 100 % 
glycol and 100 % dimethylformamide. 
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Using the Gibbs diagram we have the 
possibility to study the dopant influence on the 
etching rate also. Comparing the Gibbs diagram for 
undoped and doped material one can be concluded 
that the doping of semiconductors can strongly 
influence on the etching rate. In the case of tin 
doped InAs the doping leads to decreasing of the 
etching rate in all investigated solutions. This can 
be explain by the retarding of the InAs dissolution 
velocity in the presence of tin compounds, which 
can be formed at the chemical etching of such 
material. Doping of CdTc by Ge leads to small 
increasing of the etching rate. 

The Gibbs diagrams give us the possibility to 
determine the concentration ranges of polishing 
solutions in each investigated system. It is possible 
to choose the etchant composition with necessary 
polishing rate in given ternary system at the 
comparing of these two types Gibbs diagrams or to 
reach a conclusion about impossibility of such 
etchant composition. In the last case it is necessary 
to change one of the etchant component and to 
investigate a new ternary system to obtain the 
necessary etchant composition. 

The Gibbs diagrams provide also the 
possibility of definition of the mechanism of 
semiconductor interaction with etchant at the 
chemical etching. One can conclude that the 
dissolution of cadmium telluride and solid 
solutions based on it in the solutions HNGyHCl- 
CH3COOH. HNGyHHal-tatrtaric acid and some 
others is limited by the interaction of tellurium, 
which is formed on the surface, with etchant 
component, if we compare the surfaces of equal 
etching rates (Gibbs diagrams) of CdTe and Te in 
such solutions. Such conclusion is based on the 
similarity of the obtained surfaces of equal etching 
rate for CdTe, ZnxCd,.xTe and CdxHg,.xTe solid 
solutions and Te in the investigated etchant 
compositions. 

One can be note that using the surfaces of 
equal etching rates (Gibbs diagrams) for the 
interaction of solid solutions with given etchant it 
is possible also to define the influence of solid 
solution composition on the mechanism of its 
dissolution. 

It is necessary to indicate that the doping of 
semiconductors leads not only to changing of 
etching rate but to changing also the range of 
polishing solutions in each investigated system. 
Therefore, at the chemical treatment of 
semiconductors it is necessary to account the 
nature of doping element and to develop the 
polishing etchant compositions for different dopant 
which can be used for the modification of the 

semiconducting properties of given semiconductor. 
The formation of solid solutions based on given 
semiconductor leads also to the modification both 
etching rate and range of polishing composition in 
each investigated system but these modifications 
are small in comparison of dopant influence. These 
can be explained by the fact that mainly the similar 
compounds that have similar chemical and 
physical properties form the solid solutions and the 
different chemical elements are used for 
semiconductor dopings. 

However, at the chemical treatment of 
semiconductor surfaces it is necessary to know not 
only the etching rate but the surface roughness, 
degree of surface contamination with etchant 
components and reaction products, deviation from 
stoichiometry of the surface layers and some other 
characteristics. Therefore, the concentration 
dependencies for all these parameters must be 
constructed in the form of Gibbs diagrams also. 
One can chose the best etchant for given 
semiconductor if we shall construct such diagrams 
and compare them with each other. The plotting of 
Gibbs diagrams at the chemical etching of 
semiconductor compounds is the scientific basis 
for preparation of the best etchant composition for 
given technological process. It is necessary to note 
that the comparison of all etchant properties can be 
made using the empirical equations for each 
properly, which was obtained at the constructing of 
corresponding Gibbs diagrams. 

Using the Gibbs diagrams the three- 
components ctchants with different etching 
velocity, surface roughness, degree of surface 
contamination with etchant components and 
interaction products and some other characteristics 
are worked out for the chemical treatment of InAs, 
InSb, GaAs, CdTe and solid solutions Cdi.JHg.Je 
and ZnvCd,_xTe. The liquid solutions of the HNO3- 
HC1 (HBr, HJ)-organic acid, H202-HBr-organic 
acid and K2Cr207-HBr-HCl (organic acid) systems 
were used for the creation of different etchant 
compositions (we used the oxalic, acetic, lactic, 
tartaric and citric acids as the organic acids). 
Sometimes a part of organic acid was changed by 
glycol of dimethylformamide. 

The proposed method for developing of 
etchant compositions can be successfully used for 
the four-component solutions as well as for more 
complicated system. In the case of such systems it 
is necessary to use the empirical equations that are 
obtained at the mathematical planning of 
experiments. 
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EQUILIBRIUM DAMAGE ACCUMULATION PROCESSES, 
POSSIBILITIES OF INCREASE OF DEFORMATION RESOURCES AND 

MACROFAILURE CONDITIONS OF COMPOSITE MATERIALS 

Wildemann V.E. 
Perm State Technical University, Perm, Russia 

The macroscopic failure of composite 
materials is preceded by complex multilevel 
processes accompanied by accumulation and 
localization of damaged centers and formation of a 
failure cluster. Therefore, the study of these 
mechanisms is one of the basic problems for the 
mechanics of modem composite materials used in 
aerospace engineering. 

A formulation of a quasi-static problem of the 
mechanics of elastic-plastic bodies with loss-of- 
strength zones and boundary conditions of contact 
type is given which enables the properties of the 
loading system to be taken into account [1]. With 
certain constraints on the constitutive relation and 
using a condition for stability of the softening 
process in a local zone, theorems are proved on the 
uniqueness of the solution of the boundary-value 
problem and on the maximum and minimum of the 
functional when the kinematically or statically 
possible and actual fields coincide. The 
corresponding generalized variational principles 
are given [2]. The possibility of stabilizing the 
damage accumulation process at the postcritical 
deformation stage due to loading system properties 
control is theoretically proven. 

The formation of a theory of the stable 
postcritical deformation of the work-softening 
media is considered. The pseudo-plastic 
deformation affected by structural damage of 
granular composites is investigated within the 
framework of the considered two-level structurally 
phenomenological model of heterogeneous media . 

The stable evolution of the interconnected 
processes is accompanied by stress redistributions, 
partial or complete unloading, and strain or 
damage localization that are one of the main causes 
of implementation of the postcritical deformation 
stage [3]. The numerical calculation results of 
inelastic deformation and failure of the periodic 
unidirectional fiber-reinforced composites are 
presented under conditions of the displacement- 
controlled transverse proportional loading mode 
[4]. The main mechanisms of the work-softening 
behavior for the indicated type of materials are 
described in the macro-homogeneous stress-strain 
states.      Macroscopically,      the      failure      of 

heterogeneous media as a result of postcritical 
deformation and the loss of stability of damage 
accumulation depends on the stiffness of the 
loading system. When a deformable body is fixed 
on the closed surface with sufficiently but not 
infinitely large coefficients of stiffness, it is 
possible to observe the equilibrium development of 
the localized volumes of work-softening and 
damage. 

The constitutive equations for the work- 
softening isotropic, transverse isotropic, and 
orthotropic media are presented. The effect of the 
loading system on the stability of deformation, 
damage accumulation, and failure under monotone 
and nonmonotone triaxial loading was studied. The 
growth of failure strains with increase in stiffness 
of the loading system and unequal resistance of 
heterogeneous body are registered and 
investigated. A preventive unloading method is 
offered for the mathematical modeling of the 
damage accumulation during the testing of the 
materials on the servo-controlled systems. 

The displacement-controlled mode is 
simulated by a series of soft loading and unloading 
cycles. The detected phenomenon of failure where 
the unloading leads to stress-strain diagrams with a 
negative slope of the descending branch was not 
found either in the displacement or stress- 
controlled monotone loading mode. 

Realization of the postcritical deformation 
stage leads to an employment of the stored load- 
carrying capacity that can be used for optimum 
design of structures and special materials. For 
estimating the stability of growth of the 
equilibrium damage in the postcritical stage, a 
relation between the energy spend (a sum of the 
elastic strain energy increment and the work of 
fracture) and supplied energy (the work of external 
forces) should be considered at a fictitious small 
increment of the strain. Stability conditions of the 
postcritical deformation of the components of 
granulated, laminated and fibrous composites are 
given with setting limitation to the relations of the 
stiffness response and parameters of the 
descending line of the diagram [4, 5]. 
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Fig. 1. The finite element model of the 
unidirectional fiber-reinforced composite 

Fig. 2. The model of the granular composite 
with damage zones 

*n% 

Fig. 3. Calculated macrostress-macrostrain 
diagrams of granular composites with pores 

and rigid inserts 

Ensurement of realization of the postcritical 
deformation conditions employs an additional 
load-carrying capacity, as well as extends the 
durability of structures to resist external loads at 
the stage of formation and development of 
macrocracks. 

New experimental data concerning quasistatic 
deformation of the orthotropic fibrous copper 
composite materials on postcritical stages after 
preliminary cyclic loading are analyzed. 

Possibility of practical use of the obtained 
results — optimal choice of structural parameters 
of new materials and structures with the purpose of 
increase of deformation resources [6], carrying 
capacity and survivability on the basis of providing 
the conditions of stability of dissipative processes 
necessary for accommodating of materials to 
requirements of their usage. 
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Kiev, Ukraine 

(1)The Technical Centre of National Academy of Science of Ukraine, Kiev, Ukraine 

Research of value of an overcooling of 
liquid iron except for one activity [1], do not find 
out while unified regularity. Is convincingly 
rotined [2], that the crystallization descends on 
walls of a steel mold, the roughness by which one 
always exceeds the critical size of a crystallization 
centre, and nevertheless the observed values of 
overcooling of iron make 300-500 C [3]. In 
quoted activity [1] the overcooling in 300°C, fig.l, 
was watched at exposure of a melt, in so-called 
area of molecular-polymorphic transformation of 
an iron melt 1600-1650°C (8iiq->yiiq). 

300 

250 

200 

50 

0 
4550 4600 #50 flüO       TtC 

Fig.l 

Feature of observed process is that 
increase of temperature of exposure of a melt 
above >1680°C, at preservation of conditions of 
experiment, results not in apparent preservation, 
or increase of an overcooling, but to a boomerang 
effect (descending branch of a curve of a fig.l). 
The variation by a cooling rate of a melt in an 
interval 0,75-6,7 K/s does not result in essential 
changes of value of an overcooling, fig.2. How it 
is visible from pieces of thermograms, at the melt 
temperature 1560°C (curve 1), the solidification 
descends with overcooling -70 C, and 8-+y 
transformation - with a overcooling -140 C. 

mo   m   tat®   w»   i5ßo mo T,X 

Fig.2 1 and 2- 0,75 K/s, 3 - 6,7 K/s 

At research of the nature of a chemical 
and structural microinhomogeneity of medium- 
carbon steels [4] the data about modifying 
influencing of dopes of molten ferrite on a 
constitution of an ingot and on increase of a 
plasticity cast and rolled thermo-hardened metal 
are obtained. In the given report the outcomes of 
researches about influencing a melt of ferrite on 
conditions of a solidification and on a constitution 
of an ingot high-clean are resulted. 

For activity the carbonyl refined iron 
HMTY 1-884-70 with carbon content 0,003; sulfur 
0,002; Si, Ni, Cr, Ni, Mn in the sum no more than 
0,04 mas % was used. The thermographing 
conducted on the installation of a hyperthermal 
differential thermal analysis (HDTA) with the 
string thermoelectric couple in medium of helium. 
The measurement accuracy makes ±10°C [1]. The 
value of a hinge fitting makes 0,15 g and is in 
alund tumbler. Weight of a dope - 5 mas % from 
weights of a melt. The installation (HDTA) is 
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supplied with the manipulator and allows at a 
selected smelting practice to dope in a melt. In a 
fig. 3, the pieces of the obtained thermograms are 
adduced. 

Fig.3 

The decreasing of a cooling rate up to 
0,25K/s, curve 1, as against a curve 1, the fig. 2, 
reduces to minimum the overcooling of a melt and 
8—>y transformaion. From confrontation of curves 
1 figures 2 and 3 follow, that the main relaxational 
processes at a solidification and crystalline 
modification of iron flows past during > 10 
minutes. The curve 2, fig.3. corresponds to a 
descending segment of relation, fig. 1, and is 
obtained at the same cooling rate (0,75 K/s). For 
analysis of influencing of molten ferrite in a melt, 
similar to curve 2, the fig.3, is entered a dope. 
Thereof the melt temperature is lowered up to 
~1600nC, curve 3, and at this temperature the bosh 
is maintained 15 min. This time has enough for a 
full melting of a dope and "homogenization" of a 
melt. On a curve 3, fig.3, this method is indicated 
by step. How it is visible from a thermogram, the 
beginning of a crystallization descends at 1510°C, 
and 5—>y transformation descends practically 
without overcooling. Apparently, such conditions 
of a solidification should be attributed to ideal. 
Confrontation of macrostructures 20 -kg castings 
of iron, fig.4, as well as in a case with steel [4], 
confirms improvement of the quality of metal at 

the introducing in a melt of a liquating dope. From 
the obtained data follows, what the introducing 
liquating of ferrite dope in overheated up to 
~1700°C an iron melt and exposure of a bosh in 
the field of temperature 1600°C originates 8|jq—»yijCi 

transformation. Hereinafter this pre-crystalization 
process pi'ovides more equilibrium conditions how 
solidifications, also and 8—>y transformation. 

From reduced outcomes follows, that the 
solidification descends on the gear of ordering of 
polyfragment elements which are generatrix 
composite motive of a constitution of a melt and 
components the basis of ciystallization centres. 

At: 

'■^■■: 

Fig.4. The image is decrease in 1,25 times 
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WARM COMPACTION OF GREEN POWDER BLANKS: COMPUTER 
MODELING AND EXPERIMENT 

Gorokhov V.M., Sevastyanov E.S., Ustinova G.P., Zvonarev E.V. 
Powder Metallurgy Research Institute, Minsk, Belarus 

INTRODUCTION. Theoretical substantiation 
and search of new methods of manufacturing P/M 
parts are caused by lacks of well known pressing 
and sintering main of which are high porosity, low 
accuracy and quality of a part surface and also 
insufficient level of mechanical properties. In this 
connection a number of new technological 
methods provide high density products of the 
complex shape with high mechanical properties, 
high accuracy and low roughness of a surface. 
The most widely used method of pressing and 
sintering provides density of iron structural parts 
up to 6.8-7.0g/cm3, that makes 85-90% of 
theoretical density. Increased density of powder 
parts assumes the value of 7.3g/cm3 or 93% of 
theoretical density and is reached by various 
combinations of pressing and sintering. Higher 
density is reached essentially by other methods, 
among which it is necessary to note well known 
double pressing - double sintering, injection 
moulding, cold and hot forging. Other methods, 
such as high-temperature sintering, pressing with 
lubricating of the die or warm compaction, 
quickly develop and will find wide application in 
the future. Especially fast development finds a 
method of warm compaction of metal powders for 
producing high density structural parts, basically 
due to development of the Swedish firm "Hoganas 
AB" in the area of metal powders and German 
firm "Dorst" in the field of creation specialized 
equipment for pressing [1,2]. In this paper 
peculiarities of densification of iron and low 
alloyed steel powders are investigated during 
warm isothermal compaction of green blanks 
using high polymers as a hard lubricant. 

WARM COMPACTION OF GREEN 
BLANKS. Necessity of further increase of 
mechanical properties, service life and reliability 
of structural parts produced by methods of powder 
metallurgy, urgently demands to find new ways of 
realization of potential opportunities of warm 
compaction to increase density. One of the 
versions of warm compaction is the method of 
warm compaction of green blanks previously 
pressed at room temperature. 

The experiments were executed on annular 
samples with an outside diameter of 30 mm, 
internal diameter of 20 mm and height of 9.5 mm. 
Samples were made of powder iron and powder 
low alloyed steel with 4%Ni, 2%Cu, l%Mo with 
addition of pencil graphite, zinc stearate and 
polymer with the total contents of the additives 
0.6 % (mass). Density of annular samples after 
cold pressing was about 7.0g/cm3. Warm 
compaction of green samples was carried out at 
120°C with accuracy of measurement to 1°C. The 
results have shown, that density after pressing at 
120°C makes 7.6 ± 0.01g/cm3. The received 
density is 0.2g/cm3 higher in comparison with 
warm compaction of a metal powder.The results 
of influence of the total contents (S) of carbon, 
zinc stearate and polymer on density (y) during 
wann compaction of green samples show that the 
maximal value of density is reached at S = 0.6 %. 
It is necessary to note, that a similar result we 
have received during wann compaction of metal 
powders. 

COMPUTER MODELING OF WARM 
COMPACTION OF GREEN BLANKS. At the 
background of theoretical problem of powder 
densification there has been undertaken an attempt 
to take into account real porous structure of a 
sample. The representative element of structure 
includes a system of particles and pores 
interacting with each other. Various schemes of 
structure are formed with four particles of iron 
without lubricant material between particles and 
with it. Rigid bonding of particles with each other 
simulates densification of a metal powder without 
lubricant material between the particles. Ideal slip 
of particles is provided in the scheme, in which 
the powder particles are divided by finite elements 
allocated properties of a liquid lubricant material. 
The intermediate variant includes according to our 
estimation approximately 30-40% of the surface 
of contacting particles simulating introduction in 
the structure of iron powder or low alloyed steel 
0.5-1.0% zinc stearate. Average size of iron 
particles is about 100 micrometers. The 
calculations has been earned out using elastic- 
plastic reology, the iron powder with known 
elastic   and plastic  properties   is  chosen  as  a 
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modeling material. The finite elements simulating 
lubricant are assumed incompressible with Youns? 
modulus equal to zero. 

The calculations of the typical cells under external 
force during pressing in a rigid die have been 
carried out using finite element method. They 
have confirmed expediency of introduction of a 
lubricant into metal powder that would ensure 
ideal slip in the zone of contact between particles 
and high efficiency of densification. Wc have 
investigated plastic flow of metal particles and 
formation of possible destruction zones of a 
material with a lubricant between particles of a 
pressed powder and compared the results with 
similar ones calculated without a lubricant. It 
should be noted that in both cases the plastic flow 
does not cover all representative volume at once 
and in the beginning is located in certain zones 
closed to the corners of polygon simulating pore 
section and corners of the representative cell. In 
the absence of a lubricant the effective process of 
pore closing begins from the moment when areas 
of deformation localization being distributed from 
concentrators of pressure merge and block space 
between pore and lateral borders of a 
representative element. The distribution of area of 
plastic flow occurs approximately in regular 
intervals in all directions. At the presence of a 
lubricant the border undressed between particles 
becomes the area, directing in distribution, of 
plastic flow from the comers inside metal 
particles. The plastic elements "advance" in the 
direction from pore to lateral borders of a 
representative element, being gradually' 
distributed in the central areas of particles. It is 
clear that presence of a lubricant provides 
effective displacement of particles that results in 
essential increase of density. In the present work 
there have been carried out calculations of 
densification curves of samples from powder iron 
and low alloyed steel during warm compaction of 
green cylindrical samples with diameter of 10 mm 
and height of 16' mm with initial relative density 
of 87%. As the result of calculation dependences 
"pressure - density" are derived during pressing in 
various conditions of internal friction between 
particles. 

200 400 600 800  1000  1200 
Pressure, MPa 

Influence of pressure on density of powder steel: 1 
- numerical experiment (pressing of a powder 
material without finite elements simulating 
lubricant on borders between particles); 2 - 
numerical experiment (pressing of a powder 
material with a lubricant material between 
particles) the amount of elements corresponds to 
the contents of zinc slearate 0.5%; 3 - numerical 
experiment (warm pressing of a powder material) 
the borders between particles are filed with finite 
elements simulating lubricant: 4 - full-scale 
experiment of warm pressing of a powder 
material at 120 °C and contents of zinc stearate 
0.5%. 

When pressing without a lubricant (curve 1) 
density of a powder material changes 
insignificantly (0.1 - 0.2g/cm3) despite high 
pressure. The cold pressing of powder materials 
with a lubricant (curve 2) allows to produce 
samples with density of 7.1 - 7.2g/cm\ that 
exceeds a little results received in experiments. 
Warm pressing allows to get density of 7.4 - 
7.5g/cm3 in numerical experiment (curve 3), while 
in full-scale experiments it was possible to make 
density of 7.6 - 7.62g/cm3. Divergence of 
theoretical and experimental results has made 5%, 
that confirms adequacy to the chosen theoretical 
model of warm pressing to the real process. 
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Ti-Si is a prospective basic system for high- 
temperature materials with different hardening 
mechanisms (solid solution, ageing, in-situ 
composites) which may exist singly or in 
combination. Silicon is known to increase 
mechanical characteristics (thermal stability, 
corrosion and creep resistance etc.) of both 
titanium, and Ti-Al alloys. Aluminum, as an 
active a-stabilizer, is usually added to titanium 
alloys to expand the interval of working 
temperatures as Al essentially increases the 
a<->ß transformation temperature of titanium 
(from 882°C in the pure titanium up to ~1500°C 
in an alloy with -45 at. % Al). It is known, 
meanwhile, that in polymorphous metals the 
highest working temperature occurs near the 
cc<-^ ß- transformation. 

This is valid for single-phase materials with 
solid solution hardening mechanism. In ageing 
alloys and in in-situ composites multiple phases 
(two, as a rule) coexist. As a result, a number of 
solid-state transformations in addition to cc<-^ß 
might occur. In this case, the highest working 
temperature is defined by the lowest solid-state 
transformation temperature. 

Thus, understanding of phase relationships, 
especially in the solid state, and of the 
temperatures of solid-state transformations, is 
absolutely necessary for the efficient 
thermomechanical processing of materials. 

Many alloying elements are used in titanium 
alloys to improve their high-temperature strength 
and room-temperature plasticity, including d- 
metals (Sc, Y, Zr, Hf, V, Nb, Ta, Mo, W eta.),p- 
elements (Al, Si, Sn) and microadditions of/- 
metals (La, Ce, Nd, Dy). Modem alloys are 
contain up to 8 elements. 

However, extremely scarce information is 
available on phase compositions and the 
temperatures of phase transformations in these 
multicomponent systems. Moreover, among the 
possible boundary ternaries, only a few are 
studied to some extent. Available data are often 

inconsistent and insufficient. 
Thus, here we summarize our results of the 

last ten-years of experimental study of phase 
equilibria in multicomponent Ti-Si-based systems 
and of some properties of individual phases and 
phase constituents. Information is considered 
according to the following scheme: 
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Correlation between the elements of phase 
diagrams, details of the crystal structure and 
properties of phases is discussed. 
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Titanium-boride metal matrix composites arc 
presently under conclusion as materials for high 
strength, high temperature applications. In order to 
realize or extend their full potential, the high- 
temperature-capable boride reinforcement should be 
additively introduced into advanced titanium 
matrix, with the both constituents being in 
equilibrium. The creative development may be 
conceivable only through the complex systematic 
investigation resulting in a scientific background, 
which includes phase equilibrium data and alloy 
composition-constitution-properties relationships. 
The present report is a part of such complex 
investigations and deals with phase equilibria in Ti 
comers of Ti-B-.V and Ti-A!-B-A'systems, where X 
isZr, V, Nb, Si, Ge, orSn. 

The alloys were prepared by arc-melting (cooling 
rates about l()0°C/sec) and studied, in states as-cast 
and annealed at subsolidus temperatures, by light 
optical and electron scanning microscopy (LOM 
and SEM), electron probe microanalysis (EPMA), 
and X-ray diffraction (XRD) technique. Phase 
transformation temperatures were determined by 
DTA and pyromctry measurements after Pirani & 
Altcrthum (melting points). 

Basing on the data obtained, phase diagrams in the 
Ti comers of the ternary Ti-Al(V,Nb,Ge,Sn,)-B and 
quaternary Ti-Al-Zr(V,Nb,Si,Ge,Sn)-B systems 
were constructed in melting (crystallization) 
temperature ranges, i.e. melting behavior of alloys, 
a-»ß transformation temperatures, partitions of 
alloying additives (location of tie-lines on a phase 
diagram). The systems in the ranges under 
investigation are characterised by extensive area of 
eutectic crystallisation of hex metal and boride 
(TiB) phases. The microstruclurc of the two-phase 
(Ti)-i-(TiB) alloys containing 7.5 at.% B is 
practically eutectic, i.e. the volume content of the 
reinforcing phase in the ternary and quaternary 
eutectic alloys did not changes practically. The 
results allow to restrict the ranges of two-phase (Ti) 
+ (TiB) fields - up to 10-12 at.% Al, up to 5-6 at.% 
Ge or Sn, about 12 at.% V or Nb for a+ß matrix, 
and >20 at.% V or Nb for ß matrix. 

The alloying additives arc divided into 2 groups: p- 
elements and rf-mctals. The titanium boride does 
not practically solve /^-elements Al, Si, Ge, and Sn. 
In titanium-boron />element(s) systems a matrix 
composition is not affected by adding any amount 
of reinforcing boride TiB. Partitions of V and Nb 
between the metal and boride phases are 
comparable. In the latter, any alloying addition 
causes changes of the both phases' compositions. 

Aluminium, tin, and niobium increase the melting 
points of the ternary (Ti) + (TiB) eutectic alloys, up 
to invariant equilibria: Lt <■-> (Ti,Al) + TiB (taking 
place at ~1560°C), Lc <-> (Ti.Sn) + TiB (~1580°C), 
and Lu + (NbB) <-> (Ti,Nb) + (TiB) (1610°C). In 
the Ti-Ge(V)-B systems there are drops of melting 
points for the (Ti) + (TiB) eutectic, up to invariant 
equilibria L,.; <-> (Ti.Gc) + TiB + (Ti5Ge3) at 1315°C 
and Lt. <-* (Ti,V) + (TiB) at ~1430°C. 

Comparison of ternary and quaternary phase 
diagrams reveals that the substitution of 10 at.% Ti 
by AI results in a noticeable influence on alloy 
properties, increasing the a^ß transus 
temperatures (by ~100°C) and melting points (by 20 
to 50°C). 

Basing on obtained phase diagram results, a special 
approach was developed in order to reveal a role of 
either matrix and boride phases in deformation 
testing, as follows: a numbers of alloys were 
prepared within a certain tie-line, due to the fact 
that tie-lines were constructed. In the case, 
hypocutectic and eutectic alloys were obtained with 
identical compositions of matrix and boride phases, 
as well as the alloy of matrix composition without 
boride. 
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ALLOY CONSTITUTION AND PROPERTIES OF METAL-BORIDE 
ALLOYS IN THE Ti-Al-Nb-B SYSTEM 
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Titanium boride TiB, Nb, and Al are of obvious interest 
in reinforcing titanium alloys. Phase equilibria in the Ti- 
Nb-B system are insufficiently studied, only at 1400°C 
[1]. In the present work the Ti-Nb-B and Ti-Al-Nb-B 
alloys were investigated in the Ti comer at melting 
(crystallization) temperatures. 

The alloys were prepared by arc-melting (cooling rates 
about 100°C/sec) and studied, in states as-cast and 
annealed at subsohdus temperatures, by melting point 
determination (pyrometry measurements after Pirani & 
Alterthum and DTA), light optical and electron scanning 
microscopy (LOM and SEM), electron probe (EPMA), 
and X-ray diffraction (XRD) analyses. 

■ alloys 

■ EPMA 

(Ti.Nb) 

a-r.% 

Fig. 1: The Ti-Nb-B melting diagram 
The system in the range up to 25 at.% Nb and 50 at.% B 
is characterized by eutectic crystallisation of bcc metal 
and boride phases (Fig. 1). Niobium increases the melting 
temperature of the (Ti) + (TiB) eutectic alloys, up to the 
invariant four-phase equilibrium L + (NbB) = (Ti) + 
(TiB), taking place at 1610±7°C. With increasing the Nb 
content, microstructure of the alloys is not changed 
comparing with the binary eutectic alloy Ti92.5B7.5- EPMA 
data show that the Nb partitions between metal and 
boride phases in the ratio approximately 5:3. Based on the 
EPMA data, the conclusion may be made that the two- 
phase (TiB) + (NbB) and three-phase (Ti,Nb) + (TiB) + 
(NbB) fields are rather narrow in the ternary system. 

DTA examination reveals the stabilizing role of niobium, 
the ß transus temperature of (Ti,Nb) decreases by as 
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much as ~620°C at 11 at.% Nb content in matrix 
(the alloy Tigi.gNb^.vBy.s)- According to XRD 
data, the matrix of the latter alloy is of complex 
phase composition, containing metastable phases 
a" (based on a-Ti) and © (in a little amount), 
together with the stabilized ß-phase. The alloy 
Ti87.,Nb5.4B7.5 is (a-Ti) + (TiB) and the 
Ti75.,Nbi7.4B7.5 is (ß-Ti) + (TiB) and traces of (cc- 
Ti) from XRD. The Ti68.0Nb24.5B7.5 is three-phase 
(ß-Ti) + (TiB) + (NbB), from XRD and EPMA 
data. 

Investigation of the quaternary Ti-Al-Nb-B 
alloys containing 10 at. % Al brings to a 
conclusion that the Al content under studying 
does not change characteristics of phase 
relationship. The alloy constitution is the same, 
mainly. 

The concentration dependence of Vickers 
microhardness Hv shows clear maximum at the 
11 at.% Nb content (7.5 at.% B), in the both 
ternary and quaternary systems. The hot hardness 
correlates with the microhardness at the 
temperatures up to 500°C. This strenghthening 
should be attributed at the expense of the multi- 
phase composition of matrix, together with 
contributions of alloying elements. The 
contributions of Nb, Al and B alloying additions 
to strengthening were analyzed basing on the 
hardness. The boride and Nb reinforcings are 
significant up to 500°C, and the Al alloying has 
effect in all the temperatures under investigation. 
Only the Al additions cause remarkable elevation 
of starting temperature of sharp softening by 
100°C, and boron and Nb do not affect 
practically. 
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The Ti-Al-B system is promising as a base for 
development of high-temperature strength tilanium alloys 
using reinforcements of titanium matrix by aluminium 
and hard boride particles which are formed at eutectic 
crystallization. The Ti-Al-B phase diagram was not 
studied in the region rich in titanium (in the Ti corner). In 
the present work the ternary alloys of the Ti-TiB-Ti6?Al3K 

region (Fig. 1) were studied by methods of 
metallography, XRD, DTA. EPMA, microhardncss and 
hot hardness. 

o - composition of alloys 
composition of matrix 

e 1500°C 

Fig. 1: The Ti-Al-B melting diagram. 

The portion of Ti-Al-B melting diagram was constructed. 
It was found that in the region restricted by the tie-line 
Ti62Al38-TiB, the alloys crystallize to form the eutectic 
(Ti) + TiB. The solubility of aluminium in the boride 
phase is negligibly little. In the as-cast alloys metal 
matrix is ß^oc or ß-->a2 transformed. 

With increasing Al content, the melting points of the 
(Ti) + TiB eutectic alloys elevate, passing trough the 
maximum -1560°C at -25 at.% Al. The boron content in 
the (Ti) + TiB eutectic composition is not practically 
affected by Al alloying. Therefore the volume content of 
reinforcing phase in the ternary eutectic alloys remains on 
the same level as in the binary eutectic, -10 vol. 0£ 

Mechanical properties of the alloys under investigation 
were estimated by measurements of hardness is the 
temperature interval from RT to 800°C and by 
compression tests at RT. The good correlation between 
data obtained by the both methods was noticed. 

The investigation of boron influence (from 0.04 
to 7.9 at. % B) on mechanical properties was 
carried out for the basic Tis<)SAl,0.2 alloy. The 
microaddition of 0.04 at. B was shown to cause a 
diminution of hardness (strength) and a 
somewhat growth of plasticity. The negligible 
growth of hardness is detected at the boron 
content 0.2 at.% that seems to correspond to the 
limit of boron solubility, and the hardness of this 
alloy is the same as of the initial alloy. The 
hardness of alloys increases significantly at the 
appearance of boride phase, in accordance to 
growth of volume content of reinforcement. At 
7.9 at. % B the hardness is maximal up to 500°C 
(-2.5 GPa at 500°C that is by 2.5 times higher 
than for the initial alloy). At 800°C the hardness 
of alloys is found to be 0.55 GPa. 

The investigation of the influence of aluminium 
on the mechanical properties was carried out for 
two groups of alloys, eutectic and hypoeutectic 
containing 7.5 and 5 at.% B, respectively. The 
marked growth of hardness for the eutectic alloys 
as well as for the hypoeutectic ones was shown 
with the alloying. The difference in the hardness 
of the alloys with 12.8 at.% Al and the binary 
Ti92,5B7.5 eutectic is about 2 GPa in the 
temperature interval from RT to 600°C. At 
800°C this difference is smaller (-0.5 GPa) but 
by four times higher in comparison with the base 
binary alloy. The difference between the eutectic 
and hypoeutectic alloys is little. The alloys, 
containing 30 and 40.5 at. % Al have the phase 
compositions a2 + a + TiB and a2 + y + TiB2, 
respectively, providing maximal values of 
hardness. 

The contributions of Al and B alloying additions 
to alloys strengthening were analyzed basing on 
the hardness. The boride reinforcing was shown 
to be significant up to 500°C, while the alloying 
by aluminium causes the growth of hardness in 
all the temperatures under investigation and 
elevation of the starting temperature of sharp 
softening by 100°C. 

Acknowledgement. This research was suported 
by the Air Force Office of Scientific Research 
(USA) under the Project P-060. 

102 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

SOLIDUS SURFACE PROGECTION OF THE Al-Rh-Ti SYSTEM IN THE 
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Development of new advanced materials for 
special purposes attracts researchers attention to 
objects capable of forming so-called quasicrystals. 
Unique structure of these compounds determines 
their special mechanical physical, and chemical 
properties. Quasicrystals are phases of variable 
composition which exist within a limited 
temperature range and may undergo various 
transformations. Search for quasicrystals is 
impossible without investigation of phase diagrams 
of systems in which their formation is expected. 
From literature data it is known that binary systems 
based on aluminium containing d-metals form 
quasicrystals. Thus, it is expedient to search for 
quasicrystals in three-component and more 
complex systems based on aluminium with d- 
metals. 

The present work is concentrated on investigation 
of phase diagram of the Al-Rh-Ti system, in 
particular, its solidus surface in the range of 
compositions 0-50 at.% Rh. 

The alloys of the system were prepared from the 
starting components in the arc furnace with a 
nonconsumable tungsten electrode on a water- 
cooled copper hearth in an atmosphere of purified 
argon. After measuring temperatures of start of 
malting by methods of differential thermal analysis 
and Pirani & Alterthum the alloys were annealed at 
a subsolidus temperature. Annealing was earned 
out either at the temperature of 20-3 0°C below 
solidus of the alloys in the "Solidus-1" setup or 
50-70°C below their solidus in the SShVL furnace. 
The alloys annealed at subsolidus temperatures 
were investigated by methods of X-ray diffraction, 
metallography and electron probe microanalysis. 

On the basis of obtained results solidus surface 
projection of the Al-Rh-Ti system in the range of 
compositions 0-50 at.% Rh was constructed. 

It was shown that a continuous series of solid 
solutions exists between isostructural with CsCl 
phases AlRh and the high-temperature 
modification  of the  TiRh  phase  (S-phase).The 

limits of the S-phase homogeneity range connects 
the corresponding points in the binary systems. 

A wide homogeneity range based on ß-titanium is 
also observed. 

Solubility of the third component in the binary 
compounds that are formed in the limiting binary 
systems is either absent or does not exceed 3 at.%. 
At subsolidus temperatures existence of two 
ternary compounds of stoichiometric compositions 
of (Ti,Al)6(Ti,Rh,Al)23+, (G-phase) with the 
Th6Mn23+1 structure type and (Ti,Al,Rh)(Ti,Rh,Al)3 

(i-phase) with the Ti2Ni structure type is 
established. The G-phase is found to have a wide 
homogeneity range (~10 at.% Al and Ti and 
~5 at.% Rh width). It is in equilibrium with 
virtually all binary phases as well as with 5-, i- 
phases and with <ß-Ti>. Eight isothermal three- 
phase fields are observed on the solidus surface 
containing the G-phase. These fields are 
constituents of four-phase invariant equilibria 
containing liquid. Unlike the G-phase the i-phase 
was not found to have a homogeneity range and its 
participation in four-phase equilibria is 
insignificant as compared with the G-phase. 
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CONDUCTANCE OF DIRECTIONALLY CRYSTALLIZED EUTECTIC 
ALLOYS OF B4C-MelvB7 SYSTEMS 

Loboda P.I., Bogomol Yu.I. 
National Technical University of Ukraine "KPI", Kiev, Ukraine 

Boron carbide has a good compatibility with 
boron cathodes and is a promising material for 
manufacturing of construction elements (heaters, 
cathode holders, etc.) cathode-heating units which 
are exploited under conditions of high temperature 
gradients (1000 degrees/cm.), high-rate heating 
and cooling and must provide a determined level 
of conductance. Boron carbide obtained through 
technologies of powder metallurgy is, as a rule, 
characterized by the low strength, high brittleness 
and its level of admixtures and conductance is 
difficult to control. Significant improvement of 
mechanical properties could be achieved through 
reinforcing by filaments of other refractory 
compounds. Since the interaction of boron carbide 
with transition metals borides is described by 
eutectic diagrams of state, so in this work the 
possibility to obtain composites on the base of 
boron carbides by a directional crystallization 
from melts was studied. Microstructure and 
conductance of directionally crystallized alloys of 
B4C-MeB2 systems (where Me-Ti, Zr, Hf) were 
investigated. 

Crystals of eutectic alloys were grown in an 
atmosphere of helium following the crucible free 
zone melting of powder materials with a moving 
solvent of admixtures [1] in "Crystal-206" 
induced device equipped with a high pressure 
(10 MPa) chamber. 

Powders of boron carbide, titanium diborides, 
zirconium and hafnium of 98.2-98.4 % purity 
were used as initial reagents. Amorphous boron 
(99.8 %) served as a solvent of admixtures, which 
was introduced into the powder by means of a 
mechanical mixing. Unsintcred samples of 35- 
40% porosity pressed with adding of a bonding 
agent-2.5 % solution of polyvinyl alcohol in water 
were exposed to the zone melting. 

Analysis of the microstructure and phase 
composition showed that crystals of directionally 
crystallized eutectic B4C-TiB2, B4C-ZrB2 and 
B4C-HfB, arc a matrix of transition metal rigid 
solution into boron carbide reinforced by rods and 
sheets of transition metal diborides. 

Resistivity was measured by the potential method. 
It was found out that directionally crystallized 
eutectic alloys have 10 times higher resistance 
than that of similar in terms of composition hot- 
pressed composites and two orders lower (table) 
than calculated by the generalized conductance 
fonnula of composites with the matrix structure: 

A^MLt^L^dz^     (1) 
VO-0,) + 4,(2 + 0,) 

According to [3] for directionally crystallized 
eutectic alloys, when resistance measured along 
the direction of parallel crystallization, the current 
flowing through two phases is different 
(Kirhgoff s law) and resistance of material could 
be calculated taking into account the dependence: 

P = PiP2/((l-<Pi)P2 +<P2Pi) (2) 

Results of calculations for systems studied 
con-elate with experimental ones in order of value 
and not entirely take into account peculiarities of 
microstructures of directionally reinforced 
composites. Sharp drop of conductance of 
directionally crystallized alloys is related to an 
elongation of diboride impurities in the direction 
of the measurements. Accordingly to the 
generalized conductance theoiy a median element 
of the structure of directionally crystallized alloys 
could be two rods or sheets of boron carbide and 
diboride with the same dimensions and connected 
parallel. Since there are in three orders difference 
in conductance of diboride rods from boron 
carbide then, when they assembled parallel, 
conductance of a median element will be defined 
by the high conductance of the diboride phase. In 
case of hot-pressed composites the median 
element is a layer of B4C with homogenously 
distributed equally axed diboride grains which are 
separated in the direction of the cinrent flow by 
the same thickness interlayer of a phase with the 
minimum conductance and are three resistors. 
Two of which are connected parallel and the third 
having the highest resistance-successively. 
Significant   divergence   of  the   calculated   and 
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experimental values of hot-pressed composites 
evidently is due to their low purity. 

In directionally crystallized alloys a role of the 
third successively assembled element is played by 
B4C thin interlayer between diboride impurities 
the presence of which was neglected by formula 
(2). Calculations by the median element with a 
thin and purified during the zone melting 
interlayer of the matrix phase allowed to obtain 
values of resistivity of composites closer to 
experimental ones. 

Lower conductance of B4C-HfB2 composites in 
comparison with B4C-TiB2 and B4C-ZrB2 is in a 
good agreement with data of microscopic analysis 

and is due to the presence of single phase wide 
interlayers of B4C matrix phase. 

Thus, it has been established that the resistivity of 
the directionally crystallized eutectic alloys rises 
in B4C-ZrB2 ->B4C-TiB2 -^ B4C-HfB2 row and 
is defined by homogeneity of distribution and 
morphology of diboride impurities. Resistance of 
composites are commensurate with that of 
graphite (0,0014 Ohm*cm) that permits to use 
quasibinar eutectic alloys of B4C-MelvB2 systems 
for manufacturing of cathode units resistive 
elements of electron-ray assemblies of devices 
and facilities of technological purpose. 

Table- The resistivity of the directionally crystallized eutectic alloy sofB4C-MeIV 32 systems. 

Eutectic alloys 
Relative 
density, 

% 

Diboride 
content, % 

Resistivity, Ohm*cm. 

Calculated by the 
median element 

Calculated 
by formula 

(1) 

Calculated by 
formula (2) 

Experimental 

B4C-TiB? 99.85 23 0.00112     j 0.053834 0.004774 0.00050 

B4C-ZrB2 99.04 23 0.000129 0.052866 0.000563 0.00019 

B4C-HfB2 94.86 23 0.00134 0.052871 0.000584 0.00117 

B4C-ZrB2 (hot- 
pressed) 

70 23 
" 

0.0000125 
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THERMODYNAMIC RESEARCHES FOR THE DECISION OF 
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PRODUCTION 
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Development of new metallurgical processes, 
the choice of rational modes of synthesis of stuffs 
with beforehand specified by properties is 
impossible without knowledge of the fundamental 
thermodynamic characteristics. During many years 
on faculty of physical chemistry of the Kiev Taras 
Shevchenko University studied thermodynamic 
properties of alloys, the majority from which will 
utillize on different productions. 

So, on faculty of electrometallurgy of the 
Dnepropetrovsk metallurgical academy the 
technology of ferroaluminum manufacturing was 
developed which will be utillized for deoxidation 
and doping high-quality of steel with the minimum 
contents of non-metallic incorporations. In this 
connection we investigated melts Ferri lactas with 
aluminium. 

For definition  of activity  of aluminium  in 
binary alloys with iron the method of allocation of 
components between two not blending phases of 
fluid is chosen. The affiliation of the obtained data 
with the thermodynamic characteristics of alloys of 
system  Al-Fe,   established  with  the  help  of a 
method EMF, has allowed to present to activity of 
aluminium in all range of compositions. 
The development of effective flow diagrams of 
production   low-phosphorous   manganous   alloys 
should   be   based   on   knowledge   of   physico- 
chemical  laws  underlying  these  processes.  The 
efficacy   of   process   of   dephosphorization   in 
manganous ferroalloy is determined from activity 
by thermodynamic properties and first of all by 
activity of phosphorus in those systems. 
We carried out experimental research of activity of 
phosphorus in systems Mn-P, Mn-Si-P, Mn-Si-P-C 
at   the   contents   of   phosphorus   close   to   its 
concentration in industrial manganous ferroalloys. 
In quality method of research the dynamic method 
of carrying   gas   allowing   to   determine   steam 
tension of material, salurant was chosen at some 
temperature gas which is taking place above it. The 
results of our researches show on necessity of 
building at dephosphorization of manganese  of 
conditions   promoting   weakening   of   forces   of 
connections of phosphorus in liquid solutions. It 

can be achieved by  introduction  in  a melt of 
elements promoting augmentation of quotients of 
activity   of  phosphorus.   Those   have   appeared 
Carboncum and silicon. Thus, dephosphorization 
of alloys on the basis of manganese it is expedient 
to carry out at enough high concentrations in them 
of silicon and Carboneum, that corresponds on 
composition industrial silicomanganesc. 
For building materials with the special properties, 
which are characterized as thermally sound and 
undislocation     stuffs    with    high     mechanical 
hardness, stability to action of high temperatures, 
chemical  mediums,   will   be   utillized  rare-earth 
metals   and  yttrium.   The   special   place   among 
alloying modifiers borrow alongside with metal 
yttrium.alloy on the basis of nickel. 
For development of the production technology of 
alloys, which are alloying modifiers, deoxidizers 
became,   the   thermodynamic   characteristics   of 
melts of systems Ni-Y, Y-Si. Ni-Si and Y-Ni-Si 
arc  investigated.  As  a method  of research the 
method of high-temperature calorimetry is chosen. 

In binary systems (Y-Ni, and is especial Ni-Si 
and Y-Si) the essential negative deflections from 
theoretical    behaviour    are    observed,    that    is 
explained by presence in them of the near order 
such   as   chemical   combination.   The   essential 
negative deflections are peculiar also to all alloys 
of ternary system Y-Ni-Si. 

For development of physico-chemical bases 
of an electrothermal method of reception of 
silumin from domestic raw material, the items of 
information on influence of admixtures of series of 
metals are necessary which contain in physical 
aluminium ores. on the thermodynamic 
characteristics of alumosilicic alloys. We 
investigated influence of the additives of titanium, 
Ferri lactas, nickel and copper on thermodynamic 
activity of aluminium in liquid silumin. The 
additives of metals result in depressing 
thermodynamic activity of aluminium in 
alumosilicic alloys. From the investigated additives 
(Fe, Ni, Cu) the greatest influence renders copper. 

The quality of metal products, mould pieces, 
joint welds substantially depends on the contents in 
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them of gases, which harmful action is developed 
in formation of pores and fractures, sharp 
deterioration of plasticity, ductileness. In this 
connection the large value is got by operations of 
deoxidation, dephosphorization, desulphurations 
etc. For all these processes especially important the 
search of elements is, which introduction in a melt 
essentially would depress the contents and 
according to activity of gases, sulfur, phosphorus 
and other admixtures, not worsening thus is warm, 
electric conductivity, mechanical and other 
properties. 

The results of our thermodynamic researches 
have allowed to prove an opportunity and to 
execute an evaluation of deoxidizing and 
desulphurating properties of elements of series of 
metals for multicomponent alloys on a basis Ferri 
lactas.   The   data  on  parameters   of interaction 
jM   j.M    I.M    J.M 
'o ='s >"o >"s utilised for a substantiation and 
perfection of the schemas of doping wires, used for 
welding steels, copper and nickeliferous alloys. 

We have determined partial molar enthalpies 
and activities of silicon, aluminium, manganese, 
chromium and molybdenum in liquid 
multicomponent alloys on the basis of iron by a 
methods calorimerty and EFM. As an example in 
tab. 1. are given activity of manganese. For an 
estimation of a degree of influence of elements on 
activity of manganese the parameters of interaction 

are designed: <?,:" = (d\nyi ldxM )XM^0 . It is visible, 

that the introduction even of small amounts of 
silicon, nickel, molybdenum, titan, aluminium 
results in change of activities of manganese. 
Therefore dopant of an alloy it is possible to 
change of activity of the given components in the 
certain direction. 

Partial molar enthallpies of components in 
investigated mullticomponent alloys also 
essentially change with introduction in their 
structure of small amounts such frequently used 
dopant elements as Si, Al, Mo, Ti etc 

The account of thermodynamic properties of 
liquid multicomponent alloys on the basis of iron 
has allowed from scientific positions to improve 
the circuits dopant welding wire of a type CB- 
08r2C. 

We also have studied melts of systems Ni-0 
and Ni-O-M. Activity of oxygen in melts Ni-O, 
determined by a method EFM, will be 
satisfactorily coordinated to the literary data, and 
enthalpies of mixture of melts of this system 
investigated by a calorimetry, have appeared more 
negative, than results received by other methods 

(AHo = -200±15 kJ/mol) (tab. 2). 
Testify to presence among them both weak, 

and very strong deoxidizers for nickel. 
As the alloys containing 36 % of nickel and 

64 % of iron (invars), are widely used in chemical 
mechanical engineering and the requirements to 
their quality are very high, it is necessary to study 
processes allowing to reduce the contents of 
oxygen, sulfur and other harmful impurity in them. 
We investigated influence chromium, tantalus and 
silicon on activity of oxygen in invar alloys by a 
method EFM, the received parameters deoxidation 
are given in tab. 3. 
Table 3 
M tM 

'o 
KP [% M] 

opt. 
[% 0] 
min 

Indus 

Cr 1 1 1,7-10"4 Cr203 

Ta 0,32 4,5-10"'1 0,5 l,6-10"b Ta205 

Si 9 5-10"iU 0,02 2,2-10_/ Si02 

So, the thermodynamic properties of melts of 
various systems allow to prove conditions of 
carrying out of technological processes. Therefore 
development of express procedures allowing 
quickly now is observed to measure 
thermodynamical coordinates in a course 
interesting of process, for example, activity of 
components with the help of electrolytic gauges. 

Table 1. Activity of manganese in liquid alloys on the basis of iron at 1870 K 
Alloy XM„ 

E-10'V aM„ 

98% Fe-2% Mn 0,02 231 0,0563 - 

97%Fe-2%Mn-l%Si 0,0201 326 0,0176 -18 

96% Fe-2% Mn-1% Si-1% Ni 0,0201 366 0,0107 -22 

96% Fe-2% Mn-1% Si-1% Ti 0,0198 313 0,0184         _j 4 

96% Fe-2% Mn-1% Si-1% Al 0,0199 335 0,0155 -3 

96% Fe-2% Mn-1% Si-1% Mo 0,0199 308 0,0226 24 

Table 2. The received parameters of interaction I™ In liquid alloys of systems Ni-O-M 

M Cr Mo V Nb Ta Ti Zr Hf Si Al La Ge 

'o 
0,1 0,04 0,54 0,26 0,12 0,4 0,7 6 0,2 2,3 8,1 9,5 
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THERMODYNAMICAL PROPERTIES OF Ni-Nb-AI SYSTEM 

Sudavtsova V.S., Vovkotrub N.E. 

Department of Chemistry of Kyiv National Taras Shevchenko University, 

64 Volodymyrska St., 01033 Kyiv, Ukraine 

Nickel-contaning alloys with refractory metals 
posses temperature resistant and corrosion- 
resistant properties. Therefore research of 
thermodynamic properties such and close to them 
by composition ternary systems will allow to 
improve methods of their reception and uses. By 
High temperature isoperibolic calorimetry [1] was 
studied binary boundary Al(Ni)-Nb system and 
four radial sections of ternary Ni-Nb-AI system at 
1870-1900 K. 

Some thcrmochemical properties of alloys, at 
which study in liquid bath entered niobium were 
specified by advanced in calorimetry experiment 
using method conserving in sample heating and 
fixation AT with thermobattery [2]. The accuracy 

of measurement AH and A//, in the advanced 
technique made +1  and ±7%, accordingly. The 

defined values AH and AH, for the studied 
binaiy and ternary systems are given in table 1. 

Table 1 
Thennochemical properties of li quid binary Al(Ni)-Nb systems at 1900 K (in kJ/mol) 

Al-Nb 
x2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

-AH 0 2.4 4.3 6.5 6.6 6.2 5.6 4.6 3 1.6 
-AH: 16 29 20 13.5 7 4.5 2 - 1 0.5 

Ni-Nb 
x2 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

-AH 0 15 23 27 28 28 25 21 11 8 
-AH, 183 126.5 70 50 30 22 13.3 9 6.6 3 

Ni-Nb-AI 
x3 0.1 0.2 0.3 x3 0.1 0.2 0.3 

A-,,     0.9 

22 35 44 

A-,,,     0.9 

43 39 35 

.vA,     0.9 

18 26 38 

A;V,     0.9 

44 43 41 

Using enthalpy of formation for NbAl3 (29,7 
kJ/mol) [3] and defined by us AH, we have 
estimated AH of melts of Al-Nb system in all 
interval of compositions. In a similar way have 
simulated thennochemical properties of melts of 
liquid Ni-Nb systems. As can be seen from tab. 1 
the niobium and nickel liquid alloys are 
characterised by strong interparticlc interaction 
between different by sort atoms, that con-elates 
with behaviour them in a solid state. Agrees with 
the state diagrams of a Ref. [4], Ni and Nb form a 

number of intermetallics. The studied ternary Ni- 
Nb-AI alloys also has been formed intermetallics 
with heat allocation. To obtained thennochemical 
property in all interval of compositions, we have 
calculated them by Toop equation from data 
known for binary boundary systems. It have been 
established, what exactly this equation allows to 
define A//, close to experimentally. Enthalpy of 
mixing curve levels of Ni-Nb-AI system at 1900 K 
are given in figure. 
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It is clear, that the minimum on a enthalpy of 
mixing surface is necessary on mono-aluminide of 
nickel, that it is no wonder, as the alloys Ni with 
Al are formed it with very large exothermal 
effects. In Ni-Nb-Al system it is more probable 
than all is not formed of ternary stable compounds. 
From AH in Ni-Nb-Al systems in section xm/xAI 

= 1:1 have calculated thermochemical properties 
of liquid alloys of Ni-Al-Nb system. They have 
appeared positive, that testifies to stronger energy 
of connection in Ni-Al, than Ni-Nb and the more 
so Nb-Al. For reception by more complete TD 
information about liquid Ni-Nb system we have 
studied of activity Nb up to xNb = 0,1 at 1900 K 
with using EMF of a concentration circuit: 
Nb-Nb205 | Zr02 - Y203 I (Nix-Nbi_x)- 
Nb205 
Activity Nb has appeared found smaller, than for 
ideal solutions (table 2). 

Table 2 
Activity Nb in liquid Ni-Nb system at 1900 K 

XNb 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

ANb 0.01 0.018 0.035 0.076 0.21 0.37 0.56 0.71 0.87 

In the field of balance a liquid solution Nbs0Ud- 
we have calculated aj\n, from coordinates of a 
liquidus line by technique developed by us in Ref. 
[3], and in the field of existence intermetallics by 
advanced Hauffe-Wagner method. All results 
correlate among themselves and testify to 
negative deviations from the Raoults law. The 
introduction of small amounts of aluminium in 
investigated nickel-niobium liquid alloys results 
to small decreasing of activity of niobium, that 
confirms defined by calorimetry thermochemical 
properties. 
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Silicon-. Germanium- and Aluminium- 
containing alloys are widely used as 
semiconductors, steel deoxidisers and modifiers. 
Tin is a basis of various solders. Therefore 
thermodynamic properties of silicon and tin alloys 
are of significant practical interest. However, as Si 
and Sn occupy IVb-subgroup of Periodic Table, 
they should find out close similarity and 
distinctions caused dimensionality factor. 
Thermochemical properties of alloys based on Si 
and Sn, stannides of Sc, Nb, Ti are determined by 
differ variants of calorimetry method. In a fig. 1 
dependencies A H,,.Ul. in the liquid Si and Sn arc 
represented 

Fig. 1. First partial cnthaphy of mixing of 3d-, 4d-, 
5d-metals in Si (a) and Sn (b). 

It can be easy observed, that the dependencies are 
close among themselves, but magnitude of thermal 
effects in Si-based liquid alloys are exothermal 
significantly, which is testifies about one stronger 
relation of Silicon to d-transition metals. For liquid 
alloys of noticed element with refractory metals it 
was possible to investigate only limited 
concentration area. So, we estimated 
thermochemical properties of the characteristic 
melts of Si(Sn), using standard enthalpy of 
formation for suicides and stannides. All data were 

defined by Ay-H well correlate with experimentally 
one. In a fig. 2 are compared A H3rf.A/t

K of Si(Sn) 
with refractory metal in a wide range of 
compositions. 
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Fig. 2. A H3,/.Wc
K of Si(Sn) with refractory metal in 

a wide range of compositions. 

It is stated, that all of them are high exothermal. 
Component Activity for considered alloys are 
determined by EMF with liquid or solid 
electrolyte. For refractory alloys are calculated 
activity and other thermodynamically properties 
using liquidus curves coordinates via us-developed 
technique. In the table are presented activity of 
components in most interesting labor-consuming 
for researches systems. 
It has been established, that in Silicon and Tin 
melts with transition metals activity of component 
posses large negative deviations from ideal 
solutions. For alloys with intransitive metals was 
defined that activity of Si, Sn and other 
components characterised by positive deviations 
from the Raoults law. 
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Analysing dependencies A Hd-Me" and AH in 
binary Me-d-Me melts from serial numbers in 
Periodic Table of transitive metal, it is possible to 
show that they differ. And the thermodynamic 
properties of alloys containing 4d- and 5d-metal 
are more similar among themselves, than alloys of 
3d-metals. As well known, the melts properties are 
now most completely investigated, especially for 
that one of which component is the 3d-metal, we in 
fig. compared dependencies for A B.d-MeX =f(z) f°r 

binary liquid alloys (Al, Si, Ge, Fe, Ni, Cu, and 
Sn)-3d-Me. As can be seen (see fig.) similar 
dependencies for binary liquid alloys of Fe and Ni, 
Al, Si, Ge, Sn, Cu. As to first two groups of alloys, 
similarity in their properties it is no wonder, as it is 
traced and on a number of other properties. 
Unexpected similarity in thermochemical 
properties of binary systems (Cu, Sn) -3d-metal 
was shown. We consider that it is a consequence 
for series of factors, by major of which is 3d- 
orbital filling. At formation of binary alloys with 
3d-metals copper and tin plays role of electron 
donors also turn to ions close on the size (Sn + - 
0,074 nm; Cu2' - 0,07 nm). 
Unexpected the distinction in thermochemical 
properties of binary alloys of systems of 3d-metals 
with silicon, germanium and tin is also. From a fig. 
it is clear, that liquid alloys Sn-3d-Me are 
characterised by smaller thermal effects of alloy 
formation, that it is more probable than all is 
caused large ionic radius of tin (0,074 nm) in 
comparison with those for silicon (0,039 nm). So, 
having established groups of alloys Me-3d-Me 
with similar properties, we can use it for 
forecasting properties of alloys containing 4d- and 
5d-metal, on the basis of the limited quantity of 
experimental data. 
It is known, that in liquid double alloys p-metals- 
(Fe, Co, Ni) the interparticle interaction amplifies 
in row: Fe—»Co—»Ni. This fact is explained by a 
structure 3d-orbital of metals of iron subgroup. 
Nickel on 3d-orbital has nine electrons; therefore 
at melt formation it will aspire to electron grasp 
and to pass in a stable state. As the thermodynamic 
properties of alloys Mn and Cu are now known, we 
have compared properties of double alloys of 
systems Al (Si, Ge, and Sn) - Mn (Fe, Co, Ni, and 
Cu). In tab. we result differences of radiuses, 
electron negativity of components of considered 

alloys, and also meaning for AH and - AGev in 
extreme points. 
From the table it is visible, that the amplification of 
interparticle interaction is observed in the 
following lines: 

1. Al-Cu «Al-Mn -» Al-Fe -> Al-Co -> Al-Ni 
2. Si-Cu -» Si-Mn -» Si-Fe -> Si-Co -> Si-Ni 
3. GeCu -> Ge-Fe -> Ge-Mn -> Ge-Co -> Ge-Ni 
4. Sn-Fe -» Sn-Co -> Sn-Cu -» Sn-Ni -» Sn-Mn 

It is visible, that in series 1,2 interactions least in 
copper alloys, and at transition from Mn to Ni it 
grows. It is caused by a structure 3d-orbitals of 
considered transitive metals and dimension factors 
of related Al and Si. In the third series the 
dependence differs from those in 1,2 numbers (Mn 
and Fe change possition), and in alloys of tin it 
completely not such, as in 1, 2 slightly. Taking into 
account given in tab. data, it is possible to approve, 
that on interaction in alloys Fe-Sn and interatomic 
interaction renders influence of dimensions factor 
and electrochemical factor. Thermodynamical 
properties of Pb-3d metals alloys practically 
unknown, but taking into account phase equilibria 
we may stated that character of interaction in these 
alloys will be similar as tin-based one. 
So, for the forecast of properties of binary alloys 
consisting of transitive and intransitive metal, it is 
necessary except for a structure 3d-orbital to take 
into account dimensional and electrochemical 
factors. 

Table 
The sizes both electrochemical factors and melts 
thermodynamic properties of systems intransitive 
metal - transitive metal 
System Al-3d-Me Si-3d-Me 

d-Me Ar As -AH -AG" Ar As -AH -AG" 
Mn 0,12 0 18 12,2 0,07 0,4 33 21 
Fe 0,16 0,22 20 12,6 0,07 0,1 40 19 
Co 0,17 0,3 37 0,2 0,08 0,1 49 29 
Ni 0,19 0,3 54 21,4 0,1 0 52 34 
Cu 0,15 0,2 18 17 0,06 0,2 14 8 

System Al-3d-Me Si-3d-Me 

Mn 0,08 0,3 0,17 0,20 0,3 -6 -1,2 

Fe 0,12 0 10 0,24 0 7,5 5,3 
Co 0,13 0 22 0,25 0 -0,6 -0,4 

Ni 0,15 0,1 32 0,27 0,1 -4,6 -4,1 

Cu 0,11 0,3 8 0,23 0,3 -1,0 -6,0 
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A NEW APPROACH TO QUANTITATIVE EVALUATION OF DANGER OF 
SHALLOW CRACKS 

Kotrechko S.O., Meshkov Yu.Ya., Popovych V.O. 
Institute for metal physics, Kyiv, Ukraine 

Shallow cracks are of interest to 
researches because the methods of classical 
fracture mechanics fail to give adequate estimates 
of their danger. At present, the analysis of the 
distributions of stresses and plastic strains at the 
tip of a shallow crack in the continual 
approximation seems to be a quite urgent problem 
[2]. The mam difficulty encountered in its solution 
is connected with the fact that the continual 
approach is inapplicable to the description of 
plastic strains in the region whose characteristic 
size is comparable whith the grain size. 

The aim of the present work is to establish 
a quantitative cstimattc of the degree of danger 
caused by shallow cracks and formulae 
requirements on the properties of the metal 
guaranteeng that these defects are unable to 
initiate brittle (quasibrittle) fracture. 

The proposed approach is based on the 
concepts described in [4]. According to these 
concepts,   the   expression   for   the   generalized 

parameter Em characterizing the embritting 
action of an arbitary stress concentrator has the 
form 

Em = 
jiepey 

K,       • 
where  j   is the stiffness of the stressed state 

created by the concentrator, y' = Q,/G-, a( is 
the maximum level of tensile stresses at the tip of 

the concentrator,  O,  is the intensity of stresses, 

e? is the intensity of plastic strains at the point of 

initiation of fracture, ey is the level of residual 
strains at the yield point, n is the strain- 

hardening index of the metal,  Ks^  and is the 

ratio of the local fracture stress <JC of the metal 
at the tip of the concentrator to the minimum 

fracture stress Rmc under uniaxial tension. 
In the case of quasibrittle fracture, we 

have 

where K( is the coefficient of toughness of the 
metal, 

K,=Rmcl<5Y, (3) 

Rmc is the minimum stress of brittle fracture of 

the metal under uniaxial tension, and Gy is the 
yield limit of the metal. 

As a specific feature of quasibrittle 
fracture initiated by shallow cracks and other 
small defects under the conditions of quasistatic 
loading,   one   can   mention   the   fact   that   the 

temperature of cold brittlcness Tcb for specimens 
with defects of this sort is quite low, i.e., these 
defects cannot be responsible for the loss of the 

load-carrying ability of the specimen (GA, < GY) 
but may lead to a loss of plasticity of the metal . 
Therefore, for shallow cracks, one must know the 

value of Em at the temperature of zero plasticity 

T   . zp 

The experimental values of Em for T 

were determined according to a procedure similar 
to that described in [4] for structural 
concentrators. For this purpose, we performed low 
temperature testingof smooth cylindrical 
specimens (without consentrators) for uniaxial 
tension. 

We see that, despite a fairly broad range 
of values of strength of the investigated materials, 

the quantity   E^ (T    ) varies within a quite 

narrow range (from 1.62 to 1.88). The changes in 
this parameter are cxplaned by the different 
susceptibilities of 60 and 12KhN3MA steels to 
strain hardening. According to Eq. (1), this 
reflects the general law of fracture of metals under 
the conditions of ■ stress concentration 
experimentally corroborated by testing speciments 
with structural concentrators and long cracks [4]. 
For steels, we get: 

^mU ///>) — 
J 

K,. 
.10". (4) 

Em = K, (2) 
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We see that jlKss is practically 

constant and equal to 1.47. This fact enables us to 
deduce the following approximate formula for 
evaluation of the embrittling action of shallow 
cracks at the temperature of zero plasticity: 

£„,(«* 1-47-lO".' (5) 
Computer modeling of samples fracture 

with shallow cracks for steel 60 was realized. 
Calculations were executed with the help of 
program complex for solution of boundary 
problems by finite element method. Criterion of 
yielding, which take into account features of low 
temperature slip in bcc lattice, was used [3]. 
Parameters of metal stress-strain state with 
shallow crack were determined. Value of ratio 

j I Kss equal 1.49, error less then 2%. 
To evaluate the danger of shallow cracks 

quantitatively, it is convenient to use the 

toughness margin of a metal Ktm [4]. This 

quantity is defined as the ratio of the toughness of 
the metal under uniaxial tension to the value of 
the parameter characterizing the embrittling action 
of the stress concentrator 

K    -K' 
Km~~E~ 

(6) 

If Klm < 1, then the toughness of the 

metal is insufficient for resisting the embrittling 
action of the stress concentrator. Otherwise, the 
metal has a toughness margin characterized by the 

absolute value of Ktm . 
It is worth noting that products made of 

high-strength steels can be, as a rule, 
characterized as thin-walled structures. Therefore, 
structural concentrators and small surface 
technological defects play, in this case, the role of 
typical sources of dangerous local overstresses. In 
order to avoid the brittle fracture of broducts of 
this sort under overloads (in the case where tensile 

stresses can attain the value <J02 in the entire 

section of the load-carrying element or in some 
parts of it), it is necessary that the toughness of 

these type of steels be not lower than Kt > 1.65. 

As an example of high-strength materials 
possessing the required proerties, one can 

takel2KhN3MA alloyed steels with Kt « 1.9-2.2 

Conclusions 
1 .The embrittling action of shallow cracks is, to 
large extent, determined by the susceptibility of a 
metal to strain hardening and becomes more 
pronounced as the index of strain hardening 
increases. 
2.Shallow cracks can be responsible for the brittle 
fracture of typical structural steels with a strength 
of 700-900 MPa and higher within the range of 
climatic temperatures (213-293 K). 
3.To guarantee the safety of loading of load- 
carrying structural elements made of high-strength 

steels (a02 >1000 MPa), their toughness must 

be not lower than Kt =1.65. 
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SPREADING OF CONDUCTIVE DROP OF METALLIC MELT IN 
MAGNETIC FIELD 

Kanchoukoev V.Z., Karamurzov B.S., Sozaev V.A. 
Kabardino - Balkarian State University, Nalchik, Russia, sozaevv@kbsu.ru 

There is a lot of references dedicated wettability 
and adhesion interaction in solid - liquid systems. 
But inspite of extreme importance of investigation 
of wetting and spreading processes they are 
understood and known insufficiently yet [1] and 
some prominent problems of cappilarity are only 
in the beginning of solution. Processes of wetting 
and spreading of thin metallic melt over the solid 
surface are former and most fundamental stages of 
many physical and chemical phenomena 
accompanying modern technologies. The 
managing with these processes is actual task and 
aquires theoretical research of complicated 
physical - chemical phenomena and developing of 
novel cases of power influence on them through 
external fields such as thermal, electric, magnetic 
etc. 

One should notice that even in absence of 
mentioned external fields the hydrodynamic 
conditions of liquid flux on solid surface with 
wetting are very complicated and determined by 
both properties of liquid and of solid and also by 
geometry of solid body and by the degree of 
surface roughness. Nowadays even for systems in 
which liquid has no chemical interaction with 
solid there is no approximate solution of Navier - 
Stokes equation which can satisfactorily describe 
all the steps of liquid spreading process over the 
surface of solid body. 

The uniting of electromagnetic and surface 
phenomena with dynamics of liquid boms new 
physical phenomena giving opportunity of 
managing with the process of spread when 
exploring the flux of liquid conductive drop in 
electric and magnetic fields. 

Let's consider the moving of metallic melt drop in 
the cylindrical frame of references in which - axis 
is normal to non - deformable surface of the solid 
body. We suppose that drop with constant mass m 
is moving as full phase layer in constant 

homogeneous magnetic field Fi = (0,0,H:). The 
chemical interaction of contacting phases is 
negligible and all the natural characteristics of 
acting in spreading physical objects are constant. 
We    put    also    following    assumptions:     (i) 

t»(p/t])S2 - the flux is quasistationar, (ii) Re=l/S 
- inertial effects are negligible, (iii) V=mJS - the 
form of the drop is approximated as cylinder, 
where p, rj - density and viscosity of the drop, / - 
the distance from the source (launch of 
references) to the front of liquid, V, r - volume 
and radius of spreading drop, S(t) - height of layer 
of coverage in time moment t. 

Accounting made sentences and axial symmetry 
of flux the equation of quasistational flux of 
viscous conductive drop in magnetic field is 
apparent as 

n<r-i>,(z)   \dp, \^rM  n   „ (1) ] dP     1 

p    dz p dr     p , 

where 0 = (vn0,0) - velocity, P - pressure, /,. - 
external force acting on unit of liquid volume in 
radial direction. The theoretical estimation of the 
influence of electric and magnetic fields on 
interface tensions shows that this contribution is 
small enough and less than 0.3% for fields 

E~l(fV/m and Fi ~/05 Oe. That is why the 
influence of electric and magnetic fields on wet 
angle through change of surface tensions is 
negligible. But external magnetic field impacts on 
kinetics of wetting and spreading of conductive 
liquid on solid surface through the ponderomotive 
force /,."' which can be written as 

L = uxHl=-r 
\ c ) 

u,(z),     (2) 

(3) 

where y - specific conductivity, j - current 

density, c - rate of light distribution. 

Acting on liquid layer through decreasing of free 
surface energy volume external force /,.'-' can be 
shown as 

.3(A^) = ^(o-1J-o-|2) 

{ml p) {ml p) 

where AW, - change of free surface energy within 
wetting. Uij ~ free specific surface energies on the 
boundary of solid (i=l) with environment (j=3) 
and (/=.?), k - coefficient of roughness. 

Pressure gradient is determined through surface 
tension  of liquid  drop  with  environment   <y2}, 

rr = 
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which can be regarded as force acting on unit of 
length of contact line 

dP _ 2;zrcr23 

dr     (m I p) 
(4) 

The solution of equation (1) accounting (2-4) with 
boundary conditions 

2=0 

is visible as 

(dur/dz)v=x=0   (5) 

( X    V 
ot& = 

Aa 

x   1- 

77 

expl .2H„ 

mo 
(6) 

"8 
+exd  .2H 

\ 8, 

2S-zV + exü2:2H 
° 5.. 

where Ha = (8Jc)H2(yf^)"2 - Hartmann number 
serving as a criterion of magnetic field influence 
on moving of conductive drop comparing with 
influence of viscous, Sm - characteristic size 
(height of layer of coverage). 

In cause of moving front of conductive drop z=S 
and v,(z) = dr/dt then we have from (6) 

dr _ 7ipAo-efr _ mAaef 

dt 
(7) 

mrje 

where A(Je/ = A(J 1 + 

npriefr 

gm2 

2Acr(7T2pr4) 

Aa = k(an -av)-cr23, 

i„=n\H; w 
expl 2   2/7,,'"' exp   . 2f/o 

r,„ - final radius of circle wetted by liquid drop. 

It follows from (7) that action of gravitational 
force animates the spreading process that can be 
interpreted as moving of conductive drop with 
effective coefficient of spread A<yef, and that action 

of magneic field delaying the spreading process is 
treated as flux with effective viscous r\ef. We note 
that meanings of mentioned effective parameters 
are dependent from changeable geometric sizes of 
drop. 

Keeping in mind received equation for the rate of 
conductive drop spreading (7) one may promote 
from equation 

Ja 
y      dr 

(8) 
c      dt 

the current density jfp and using then Maxwell's 

equation (c 147r)(dhz I dr) = jv (r) 

according the boundary condition get the equation 
for the magnitude of strength of induced by 
moving drop magnetic field. 

Similarly to Hartmann number H„ let's consider 
quantity ky = pgS2

m/2Acr serving as criterion of 
influence of gravitational force on process of 
spreading of drop comparing to influence of 
interface forces. 

Then, particularly, when kv«l Aaef?Aa and 
when Ha«l rjef^Tj and when r(0)=0, we'll obtain 
from (7) the rule of viscous drop spreading with 
taking into the consideration the surface forces 

/ \ 1/4 
4wAcr 1/4 f 

which is the same result of [2]. 
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CALORIMETRIC RESEARCH OF MIXING ENTHALPIES IN LIQUID 
ALLOYS OF Al-Ga-Y TERNARY SYSTEM 

Dubvna V.M.. Zinevich T.M., Kotova N.V., Bieloborodova O.A. 
The Kiev National Taras Shevchenko University, Ukraine 

The metallic yttrium is used as construction 
material in nuclear reactors [1]. That is why the 
investigation of yttrium alloys is actual. 

In the present work using a method high- 
temperature calorimetry [2] at 1750 K for the 
first time are measured partial mixing enthalpies 
of yttrium in liquid alloys of ternary system Al- 
Ga-Y along intersections with a constant ratio 
of aluminium and gallium atomic percent 
0,85/0,15; 0,7/03; 0,5/0,5; 0,3/0,7 and 0,15/0,85 
for concentration area xY < 0,6. Experiments 
were carried out in an atmosphere of argon of 
high cleanliness. In work aluminium A995, 
gallium of mark Hi 000, yttrium marks 
"flMCTHjiiiaT HTTpuji HTMJI-2" (99,999%) were 
used. As reference substance tungsten of class 
A-2 (99,96) was used. Dependence of a 
constant of a calorimeter on weight of melt in 
crucible was approximated with linear function 
by least - square method. Partial enthalpies for 
overcooled liquid yttrium were calculated using 
the known equations of thermal balance. High- 
temperature enthalpy components necessary for 
calculation are taken from the directory [3]. It is 
shown, that all ternary alloys of the investigated 
sections of Al-Ga-Y system arc characterized 
by significant exothermic yttrium partial mixing 
enthalpy values which decrease with increase of 
the yttrium contents. From the received data the 
integral mixing enthalpies on Darken method 
are calculated. Enthalpy values for initial 
double AlxGai_x alloys necessaiy for the integral 
mixing enthalpies calculation are taken from 
[4]. 

Integral mixing enthalpies in Al-Ga-Y system 
are characterized by large exothermic values 
which have maximum at yttrium concentration 
about 0,4 and gradually decreases from -69 
kJ/mol for intersection 0,15/0,85 up to -47 
kJ/mol for intersection 0,85/0,15. On the basis 
of the data received for five intersections 
integral     mixing     enthalpy     isolines     are 

constructed with step of 10 kJ/mol. At low 
yttrium content the isolines are parallel to Al- 
Ga side. The area of the maximal interaction of 
components in system Al-Ga-Y is located near 
Ga-Y    boundary    [5].    The    thermodynamic 

0,6      \ 

Al 
-V0,0 

0,2 0.4 0.6 0,8 

Ga(mde fraction) 
1.0 

Ga 

behaviour of 1-Ga-Y system is determined by 
interaction of components in Ga-Y and Al-Y 
boundaries. 
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INFLUENCE OF ULTRASONIC TREATMENT ON STRUCTURE OF 
ROLLED Mo SINGLE CRYSTALS 

Pronina L.N., Mazilkin A.A., Aristova I.M. 
Institute of Solid State physics Russian Academy of Sciences 

The study of the deformation behaviour of b.c.c. 
refractory metals single crystals revealed that at a 
certain crystallography the initial orientation of the 
crystal is maintained up to very high degrees of total 
reduction. The structure of the so obtained 
monocrystalline strips and foils subjected to a high- 
temperature annealing was investigated in detail. It 
was shown, that initial crystal orientation is kept at 
the annealing of any duration. 

There are some paper on evolution of dislocation 
structures in metal, ionic and semi-conductor crystals 
under the influence of ultrasound [1]. In the present 
work influence of ultrasound on structure of the 
deformed (001)[110] monocrystalline strips of 
molybdenum is investigated. 

Experimental 
Molybdenum single crystals with growth axis [110] 
received by an electron beam zone melting technique 
were used. Monocrystalline molybdenum strips were 
produced by rolling deformation along a (001) plane 
and [110] direction with the total degree of reduction 
of about 80%. 

Samples for tests were cut out from the strips and had 
the sizes 20x30x0.2 mm accordingly in the directions 

[110], [TlO] and [001]. Ultrasonic treatment was 
carried out using ultrasound generator of 1 kW power 
in frequency range 25 kHz. Standard Laue X-ray 
technique along with transmission electron and light 
microscopy was used for the control of the 
molybdenum single crystals structure at all stages of 
processing. Foils for electron microscopy 
investigations were prepared by jet electropolishing 
in 12% solution of the sulfuric acid in methanol. 
Study was carried out on JEM-100CX electron 
microscope. 

Results and discussion 
As it was shown in the previous works [2, 3] 
structure of the deformed molybdenum single 
crystals (Fig. 1) is characterized by the high 
dislocation dislocation density (5T010 cm"2), 
presence   of   dislocation   tangles   and   individual 

Fig. 1 Structure of the rolled molybdenum (001)[110] 
single crystal 

mixed dislocations with Burgers vectors of 
1/2«<111> type distributed rather regular in crystal 
volume. From the results of chemical etching (Fig. 2a 
and 2b) it is visible, that the ultrasound initiates 
movement of dislocations, and that under the action 
of ultrasound subgrain boundaries are formed. X-ray 
Laue analysis approved that samples after ultrasonic 
processing has retained monocrystalline structure. 

«HM 

äMtSBs 

Fig 2. Micrographs of Mo single crystal surface 
(optical microscopy): 
a. rolled single crystal 

b. after ultrasonic impact 

Electron microscopic studies show that ultrasonic 
treatment leads to significant changes in the 
dislocation structure of the crystal (Fig.3). Now it is 
characterised by areas, the density of dislocations in 
which has considerably decreased in comparison 
with initial state and makes about 3T08 cm"2, and by 
extended, extensive subboundaries of a very high 
dislocation density, consisting from short dislocation 
segments. By estimations, the dislocation density in 
these subboundaries is not less than 1012 cnr2. It is 
obvious, that exact determination of Burgers vectors 
at such dislocation density is impossible, however the 
analysis of diffraction contrast of electron- 
microscopic images allows to draw a conclusion, that 

117 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

the majority of the dislocations in the subboundary 
has Burgers vector of A<001> type. 

From the reported data it is obvious that at the 
ultrasonic impact on the deformed molybdenum 
samples starts the process of polygonization. A 
number of our works [2 - 4] is related to the 
processes occurring at annealing in the specified 
material in a wide temperature range. 

Fig. 3. Structure of (001 )[110] rolled Mo single 
crystal after ultrasonic impact 

The dislocation structure is as well investigated in 
details. It has been shown that annealing of 
(001)[ 110] molybdenum monocrystalline strips at 
2000°C resulted in polygonization while the proccsse 
of recrystallization is not observed. The structure is 
characterized by areas practically free of dislocations 
(with dislocation density ~8T07cnr2) and of 
subboundaries network. Process of polygonization 
passes through several stages when the uniformly 
distributed dislocation tangles of deformed crystals 
are transformed to the subboondaries consisting from 
long, straight edge dislocations parallel to the rolling 
plane with Burgers vector a/001/. Molybdenum 
specimens remain monocrystalline with structure and 
orientation of an initial crystal. 

Thus together with some qualitative similarity 
(presence in dislocation structure areas with various 
dislocation density after ultrasonic treatment that 
specifies the beginning of polygonization processes) 
we can approve that essential differences are 
observed in the character of dislocation structures. It 
is possible to explain the results received by an 
influence of a number of factors. In the crystals 
containing defects there are internal non-uniform 
fields of stress. When a harmoniously varied stress is 
applied to this crystal the dislocation segments should 
carry out the forced oscillations [5]. At combined 
action of ultrasound and a constant stress not only 

periodic but also the forward movement of 
dislocations can ake place resulting in their 
redistribution in specimen volume. 

It is known also [6 - 7], that under the action of an 
ultrasonic wave, induced diffusion of vacancies takes 
place. As the dislocations serve as practically infinite 
sink of point defects it in turn can result in significant 
dislocation cross slip and climb. It is possible to 
assume that observed effect is connected with 
increasing of point defects concentration under the 
action of ultrasonic processing. 

At achievement of the certain amplitudes of 
ultrasound the multiplication of dispositions can 
begin [1]. Each segment of dislocation net can work 
as a source if the stress exceeds critical value and the 
slip plane of a segment does not coincide with a 
subboundary plane. All observed subboundaries are 
extremely irregular. It can be a sequence of presence 
in a crystal of a set of dislocation sources with 
different length. 

Thus it is possible to make the following conclusions: 
1. Ultrasonic processing of rolled (001)[110] 

molybdenum strips, containing uniformly 
distributed dislocations with density of 
5-10l0cm-2, results in essential change of the 
dislocation structures and to formation of 
polygonal subboundaries. The character of 
formed subboundaries considerably differs from 
that after annealing. 

2. Physical processes of ultrasonic treatment can be 
connected with acoustic induced diffusion of 
vacancies that facilitates cross slip and climb of 
the dislocations. 
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SINGULARITIES OF A INTERPLAY KINETICS FROM CO-GASES WITH 
IRON CATALYSTS 

Kirichenko A.G., Berenda V.V, Kolesnik N.F. 
The Zaporozhye state engineering academy, Zaporozhye, Ukraine 

The originating of carbides in process of termocata- 
lytic disintegrating of carbon gases, in particular, of 
white damp on catalysts from group of iron, is of inter- 
est for a number of engineering areas. 

The review of the known literary data testifies to ab- 
sence of the sufficient and reliable information about 
the gear and kinetics of passing of process of termo- 
catalytic disintegrating of white damp on iron catalysts. 

Research of a process kinetics of termocatalytic dis- 
integrating of white damp, opening-up of reactionary 
gas mixtures and analysis of the obtained yields con- 
ducted on a technique described in activity [1]. 

As host materials the iron oxides are selected, as the 
preliminary researches have shown, that the overlap- 
ping of recoveiy process with a consequent carbonizing 
allows to receive a metallical phase possessing high 
catalytic properties [2]. In experience have utillized 
clean materials (iron oxide Fe203) and rich concentrates 
(Olenegorsk superconcentrate (OSK) with the contents 
Fe=71,39%). 

Weight of a sample in all experience made 3-104 kg. 

1. Influencing the components H2 in CO-H2-mix 
on kinetics of disintegration CO. 

Process of termocatalytic disintegration CO is in 
stringent relation from contents of hydrogen in gas CO 
- H2-mix. 

Has appeared, that the components of hydrogen result 
in reactionary gas not only to essential increase of a 
mean velocity of a carbonizing is model, but also allow 
to lower temperature of process - with 560 °C up to 500 
°C. It is necessary to mark, that the presence of hydro- 
gen is a determinative acceleration of termocatalytic 
disintegration CO: this effect is exhibited at different 
temperatures, pressure and on different catalysts, i.e. has 
universal nature [3]. 

In figure 1 influencing the contents H2 in CO-H2-mix 
on a kinetics of recoveiy and carbonizing of catalyst is 
rotined. The nature of kinetic curves speaks about dif- 
ferent influencing of hydrogen on stages of synthesizing 
- recovery and carbonizing. It is in case of the former 
increase of the hydrogen component with 0,9 up to 6,7 
% results in ascending a velocity of recoveiy and re- 
duction of an induction period, and the velocities of 

disintegration CO for both gas media appear practically 
identical. In second - the components of hydrogen (up 
to 18,25 %) not influencing noticeably on a velocity of 
recovery, slow down process of disintegration CO and 
deposition of carbon. The obtained experimental data 
can, apparently, find the explanation from a stand of the 
supposition of hydrocarbonyl complexes formation. 

£jr\, Kg/Kg Fe 

1,5 

Min 

Fig. 1. Influencing of the hydrogen contents in CO- 
H2-mix on a kinetics of recovery and carbonizing 
of iron catalyst (r=560 °C). Digits at curves the 
contents of hydrogen in a mix, %. 

From this point of view as a result of a hyperthermal 
chemosorption of CO molecules on a fissile surface of 
catalyst there is a formation and disintegration of com- 
posite reactive hydrocarbonyl complexes, and velocity 
CO disintegration is proportional to their concentration. 

The interplay CO and H2 during a joint adsorption 
with formation of hydrocarbonyl complexes is accom- 
panied by a maintenance of electrons from a surface of 
catalyst on molecular orbitals of arising connection C- 
H. It results in essential easing of connection C-0 and 
facilitation of its destruction with allocation of carbon 
atoms. The increase of hydrogen concentration in a CO- 
H2-mix accelerates formation of fissile catalyst, that 
results in increase of a process velocity. 

2. Temperature effect and structure 
of a catalysts material on a interplay kinetics of 

iron with CO - containing gas 
Investigated an iron oxide Fe203 and OSK at tem- 

peratures 500 and 560 °C, that corresponds to optimum 
temperatures of a carbonizing. The outcomes of ex- 
periments indicate composite intercoupling between a 
kinetics of process and all monitored factors, in par- 
ticular, in temperature and contents of hydrogen in gas. 

In figure 1 the reduction kinetics and carbonizings of 
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oxides are adduced in case of their processing by gas 
from 0,9 %, 6,7 % and 18,25 % I-k The extreme nature 
of a velocity relation from temperature confirms a hy- 
pothesis about a development of two opposite tenden- 
cies [4] - increase of temperature conducts to increase of 
a velocity owing to increase of a fraction of the produc- 
tive acts of CO molecules interplay with a surface of 
catalyst, though by virtue of thennodynamic strength 
increase of CO molecules quantity of these acts should 
decrease. At some temperature these tendencies are 
equilibrated - there is a maximum of a velocity. 

As it is visible, Fe203 are restored at temperature 560 
UC approximately for 0,5 hours. Then the continuous 
enough induction period (1.5-2 hours) is observed, upon 
termination of which one the intensive increase of 
weight begins is model at the expense of CO disinte- 
gration and deposition of carbon. The induction period 
is characterized by appearance of carbide phases, which 
one at the given stage are dominating on a quantitative 

structure among yields of interplay. Only after disinte- 
gration of carbides the carbon-black deposition begins. 
The X-ray analysis of yields demonstrates, that termo- 
catalytic disintegrating of CO begins, when the proc- 
esses of recovery still completely were not completed - 
in yields of recovery Fe->0? detected Fe3C, Fe304, a - 
Fe. 

For the step analysis of a disintegration velocity of CO 
decay on catalysts, the experience on a method "inter- 
rupted experiment" (fig. 2) with the consequent X-ray 
diffraction and microscopical analysis of the obtained 
yields were done. 

In the table 1 the data of X-ray crystal analysis of re- 
cover}' and carbonizing of a sample are shown. 

A m, Kg/KgFe 
1,5 

Fig. 2. A kinetics of interplay from gas (H2=8,5 %) 
with Fe203 at t=500 °C. Points on curves - mo- 
ments of experiment discontinuing. 

r 
The table 1 

Phase structure of y ields of recovery and carbonizing 

Structure 
of a gas   stages 
phase 

Ar 
FF-8,68 
CO-89,8 

Nn-1,41 

20 Min 
0 

Value of an interference maximum, 
mm 

Fe203 

25 
25 

Fe,0, 

35 

a-Fe FeO Fe,C 

27 

C 

20 
108 

Fe™C 
Fe,C 

The tentative datas allow to suspect, that the essence 
of the gear of carbides formation is reduced to a gen- 
eration of structural and electronic defects in crysta 
lattices, bound with dissolution of carbon in an iron 

matrix, change of a power condition of their surface, tc 

creation of favourable requirements for development of 
adsorptive - desorptivc processes and formation of car- 
bides germs. 

In general, influencing on a kinetics of CO disintegra- 
tion temperature, kind of catalyst and the contents H2 in 
CO-H2 of a mix is in composite of relation: to each kinc 
of catalyst there corresponds optimum temperature anc 
particular structure CO-H2-mix. 

The combined effect of these factors has an effect that 
optimum requirements of carbides synthesizing   are: 
temperature 500 °C and 15-20 % H2 in reactionary gas 
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AB-INITIO STUDY OF THE IMPURITY EFFECTS IN NIAL: 
FROM ELECTRONIC AND CRYSTAL STRUCTURE TO 

MECHANICAL PROPERTIES 

Medvedeva N.I. 
Institute of Solid State Chemistry, Ural Branch of RAS, Ekaterinburg, Russia 

The simulation of the fracture and deformation 
behavior was carried out within full potential 
LMTO method for ternary NiAl alloys with 
substitutional impurities and compared with 
undoped NiAl. The description of brittle vs. ductile 
behavior was performed in terms of the Rice- 
Thomson approach based on a comparative analysis 
of two competing processes: (i) the opening of the 
crack and (ii) the emission of a dislocation near the 
crack tip. The resistance to dislocation emission at a 
crack tip may be measured by the maximum energy 
associated with the sliding of atomic planes This 
parameter, so called unstable stacking fault energy 
yus, is determined by extremal properties of the y- 
surface, namely, the energy of the generalized 
stacking fault (GFS) associated with a rigid shift of 
one-half of the crystal along some direction in the 
slip plane. 

Thus, both processes were analysed by the 
comparison two energy characteristics: the 
theoretical cleavage (ys) and the unstable stacking 
fault (yus) energies which were calculated in 
supercell approach as the energies required to 
cleave bulk crystal and to shift the part of crystal 
along some directions in the slip plane, 
correspondingly. 

The calculated ys/yus ratios are large (>10) and 
cleavage type of the crack propagation should be 
expected in NiAl, that means its intrinsic 
brittleness. Based on the y-surface corresponding to 
the most important slip modes in NiAl, the structure 
of the dislocation core was constructed in the scope 
of the Peierls-Nabarro model with a generalized 
restoring force law. The <111>{110} dislocations 
in NiAl were shown to have compact core and are 
not splitted into two superpartials, in contrast with 
FeAl. Estimates of the Peierls stress yield the 
correct preferred slip systems for NiAl (<100> 
{110})andforFeAl(<lll>{110}). 

The mechanical properties of NiAl strongly depend 
on the presence of the ternary additions which 
might be able to change such characteristics as 
ductility, fracture type, oxidation behavior. By now 
there are two ways for improving the mechanical 
properties of NiAl: intrinsic - when there is small 
percent of ternary additions -ternary alloys and 

extrinsic - eutectic composites where the 
microscopic fibers (rods) or lamellae (plates) of 
refractory element added to NiAl matrix. The 
mechanism of the impurity effects on the 
mechanical properties of intermetallics is rather 
complicated and includes direct and indirect 
reasons: the variation of phase equilibrium, vacancy 
concentration, the solubility of interstitial 
impurities, appearance of antisite defects, solid 
solution hardening and other effects. However, first 
of all, the alloying atom can alter the local 
electronic structure i.e. alter the energy 
characteristics which determine the dislocation 
mobility and bonding characteristics, which can 
change the fracture behavior and type of ordering 
and therefore grain boundary and ductile properties. 

The electronic structure of NiAl doped with Ti, V, 
Cr, Mn, Fe, Co, Y, La and Zr additions in both 
sublattices was investigated with the local density 
FLMTO method. The peculiarities of chemical 
bonding for both undoped and with some ternary 
additions in NiAl alloy were analyzed using the 
LMTOGreen function method. The bonding 
characteristics for ternary alloys strongly depend on 
whether the impurity occupies Al or Ni sites. The 
density of states at Fermi level almost does not 
differ from the value for undoped NiAl for all 
impurities substituted at the Ni site. More striking 
differences in the electronic structure and bonding 
parameters were found for 3d-impurities 
substituting Al sites: they lead to a shift of Fermi 
level to the low energy region and to a substantial 
increase of N(EF). Our results indicate that Cr and 
Fe ternary additions might improve the mechanical 
properties of NiAl due to the reduction of the bond 
strength. 

Based on the total energy calculations, we 
determined the preferable sublattices for a wide 
number of additives. We showed that the crystal 
relaxation around the impurity has an elastic nature 
and correlates with the difference between the ionic 
radii of substituting and host atoms. The sensitivity 
of preferable site energies to the crystal relaxation 
effects was investigated. The relaxation effect is 
large for Y, La and Zr additions and leads to a 
decrease of the preferred site energies for these 
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atoms. However, it does not change the sequence of 
additives calculated in the frozen lattice and of 
course the preferable sublattice. The relaxation 
energies for the 3d transition metals are small, but 
for Fe doped NiAl it might be important enough to 
alter the preferred site because the preference 
energy for Fe substitution in Fe-rich alloys is very 
small. 

Within large supercells the calculations of cleavage 
(ys) and the unstable stacking fault (yus) were 
performed for Cr, Fe, Ti and Mo impurities and 
vacancies substituted in Al sublattice. The 
calculations of cleavage energies for ternary alloys 
showed that the appearance of Cr and Mo 
impurities on the fracture {110} plane of NiAl 
results in the increase of ys and do not change the 
habit crack plane. The calculated cleavage energies 
for ternary alloys were found to correlate with 
surface energies of correspondent ternary metals 
and bond strength of NiM (M=Cr, Ti, Fe, Mo) 
alloys. 

The unstable stacking fault energies y^ for <100> 
{110} slip with these impurities on sliding plane are 
higher than for undoped NiAl. There were a lot of 
experimental and theoretical efforts to use Cr for 
improving ductility and for modification of slip 
system. We found that the Cr substitutional 
impurity leads to lower value of y^ for a/2 <111> 
{100} (antiphase boundary energy-APB), but its 
value increase for the main deformation mode 
<100>{ 110}. The minimum of yuswas obtained for 
Fe alloying. The comparison of the y^y^ ratios for 
ternary NiAl alloys allow to make the conclusion 
that according to the Rice-Thompson criteria only 
Fe impurity has the tendency to improve the 
ductility of NiAl. The vacancies result in a decrease 
both cleavage and shear energies, but their 
influence is less then the effect of impurities. One 
may conclude that large effects of ternary additions 
on mechanical properties are possibly due to the 
segregation of impurity atoms and indirect 
mechanisms. 

Another perspective way for improving the 
mechanical properties of NiAl is the eutectic 
composites based on NiAl with the second phase 
containing refractory (Mo,Cr,V) fibers or plates. It 
was found that the room-temperature fracture 
toughness of these eutectics can achieve 2-3 times 
higher than for single NiAl crystals. First-principle 
FLMTO-calculations have been performed to study 
the electronic structure and fracture behavior of 
NiAl/Mo eutectic. The geometry of the NiAl/Mo 
interface   was   modelled   with   three-dimensional 

periodic boundary conditions containing a sequence 
of (5+3) layers of NiAl and Mo stacked in (001) 
direction. The calculations included all possible 
types of interface formation and the incoherency of 
interface was taken into account adding elastic 
deformations of both parts of interface. 

Cleavage energies were obtained from the 
dependences of interfacial energy (adhesion) from 
the separation between NiAl and Mo parts and 
triclinic supercell with variable vector c was 
considered for the calculation of shear process for a 
full fault vector <100>{100}. The calculations were 
performed for three cases: (i) only Mo part is 
strained, (ii) only NiAl part is strained and (iii) both 
Mo and NiAl parts are strained according to elastic 
theory. The calculated equilibrium constant of NiAl 
(or Mo) was used in the lateral plane for cases (i) 
and (ii) and the vertical positions of Mo (or NiAl) 
atoms were taken from the optimization of total 
energy for strained Mo (or NiAl) bulk. Crystal 
parameters of interface NiAl/Mo in case (iii) were 
obtained using elastic approach. 

For all cases the cleavage energies (adhesion) are 
higher for Ni-terminated case. It is in an agreement 
with the results for NiAkMo ternary alloys, where 
we obtained that Mo addition substitutes for Al and 
therefore Mo-Ni interaction is more preferable than 
Mo-Al. 

Taking into account the energy required for 
straining we obtained that the maximum of 
cleavage energy corresponds to the case (iii), where 
both parts of interface were strained. The cleavage 
energy for interface was obtained to be less than 
that for Mo and approximately equal one for NiAl. 
The calculated ys/yus ratios show that the ductile 
properties at interface would not be worse than for 
NiAl. It means that ideal interface plane is not 
preferable place for crack propagation and the 
debonding is rather connected with defects and 
impurities. The efforts to enhance strength of 
interface and ductility of Mo phase by Re and Ti 
alloying are considered within 16-Mo-atoms 
supercell. For the better understanding of the 
mechanism of impurity influence the bulk and 
Young moduli were calculated for different Re (Ti) 
concentrations in Mo bulk. 

Finally, this approach is not only able to give the 
information about both the electronic and crystal 
structures but also allows to make the prediction 
and explanation of mechanical properties based on 
the calculated cleavage and shear energies. 
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COMPUTER SIMULATION OF THE CRACK NUCLEUS ORIENTATION EFFECT ON 
THE VALUE OF BRITTLE FRACTURE OF POLYCRYSTALLINE METALS 

Sergiy Kotrechko, Nataliva Stetsenko, Oleksandra Kucher 
G.V.Kurdyumov Institute for Metal Physics, National Academy of Sciences of the Ukraine 

36 Vernadsky Blvd., Kyiv-142, 03680, UKRAINE 

Conception on the crack nucleus (submi- 
crocracks) as elementary defects of lattice under- 
lies modern physical theory of brittle (quasi-brittle) 
fracture. Brittle fracture of solids arises from the 
crack nucleus unstable equilibrium and cata- 
strophic propagation. These defects play an im- 
portant role in the theory of fracture just as dislo- 
cations are the corner stone of the theory of plastic 
deformation. Now, regularities of crack length in- 
fluence on fracture stress are studied most thor- 
oughly. This is due to the fact that the crack nu- 
cleus length is determined by sizes of microstruc- 
tural constituents in metals and alloys. The crack 
nucleus ensemble that forms in metal as a result of 
plastic deformation is characterises not only by 
crack lengths distribution but also by their orienta- 
tion spatial distribution. Effect of distribution of 
the crack nucleus orientations on brittle fracture of 
polycrystalline metals is not yet investigated. 

The aim of this paper is to show what macroscopic 
effects at brittle fracture may be attributed to the 
crack nucleus orientation distribution. 

Computer simulation was carried out on the basis 
of model of quasi-brittle fracture of polycrystalline 
metals that enables to take into account peculiari- 
ties of structure and stress-strain state of polycrys- 
talline aggregate as well as regularities of crack 
nucleation and catastrophic propagation in metal. 
The crack nucleus are sensitive, mainly, to the 
level of tensile stresses acting normally to crack 
plane. Dependence of critical tensile stress level on 
the value of angle between tensile stress and crack 
plane is the consequence of this property. The 
crack nucleus open in certain crystallographic 
planes. It means that the crack nucleus orientation 
distribution depends on kind and parameters of 
crystallographic texture. Therefore, two effect are 
analysed, namely: 

• Increase in brittle strength of steel after tensile 
straining; 

• Brittle strength anisotropy due to plastic de- 
formation. 

According to computer simulation findings and 
experimental data, brittle strength RMC   of steel 

wire rises with raise in the value of its deformation. 
At true strains that don't exceed 0.9 decrease in the 
maximum value of angle between wire axis and the 
crack nucleus plane is the main reason for RMC 

growth. The value of this angle is predetermined 
by the value of texture scattering that fall with 
raising in plastic pre-strain. In the case of perfectly 
sharp texture this angle is equal to 30°. 

At plastic deformation by upset inverse effect is 
observed namely brittle strength of deformed metal 
decreases. Physical interpretation of this effect is 
given in report. It is shown that texture that forms 
after upset gives rise to increase in the value of 
angle between the crack nucleus opening plane and 
normal stress direction [1]. Decrease in the value 
of critical stress of the crack nucleus unstable 
equilibrium is the result of above mentioned. 

Anisotropy in the value of brittle strength of tex- 
tured polycrystalline metal is one of the striking 
effects related to the non-uniform distribution of 
the crack nucleus orientations. It is demonstrated 
that texture mode of metal determines parameters 
and type of distribution function for the crack nu- 
cleus orientations. Findings of computer simulation 
of brittle fracture of iron with axial texture in lon- 
gitudinal and transversal directions are represented. 
Calculated data were compared with experimental 
ones. 

Effect of influence of dislocation microstresses on 
the crack nucleus unstable equilibrium is consid- 
ered. It is shown that solely microstresses, which 
act within the region where the crack nucleus form 
and at the moment of nucleation, influence essen- 
tially the crack nucleus. It is ascertained that de- 
gree of such influence depends on the crack nu- 
cleus orientation. 
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CRITERION OF THE CRACK NUCLEUS UNSTABLE EQUILIBRIUM 

Kotrechko S., Meshkov Yu., Ovsyannikov O. 
G.V.Kurdyumov Institute for Metal Physics, National Academy of Sciences of the Ukraine, Kyiv 

Crack nucleus are fundamental structural defects. 
They play the same role in fracture physics as dis- 
locations in the theory of plastic deformation. 
Elaboration of criterion of the crack nucleus unsta- 
ble equilibrium is main problem of modern frac- 
ture physics. 

By conventional approach to this problem, mac- 
rocracks' properties transfer on the crack nucleus 
behaviour. According to such approach, force and 
energetic criterion of the crack nucleus unstable 
equilibrium are the same (equivalent) at brittle 
fracture [1]. It is shown in this report that for the 
crack nucleus oriented normally to tensile stress 
direction force and energetic criterion are the same 
accurate to the constant. It gives rise to many diffi- 
culties when selecting criterion for the crack nu- 
cleus catastrophic propagation. At the same time, 
dependences of the value of critical stress E,c on 
the angle a (between the normal to crack nucleus 
plane and tensile stress direction) differ signifi- 
cantly for two these criteria (Figure 1). 

It is follows from these dependences that at a > 0 
the necessary condition (gain in energy) of the 
crack nucleus growth occurs earlier (at less 
stresses) than sufficient one (break of atomic bonds 
at crack tip). This is because at a>0 shear 
stresses affect on crack lips. These stresses con- 
tribute to the value of elastic distortion energy ac- 
cumulated at the crack nucleus tip, however, they 
doesn't influence the value of tensile stresses that 
are necessary for atomic bonds break at the crack 
tip. 

Ratio of normal and shear stresses affected the 
crack nucleus changes at transition from uniaxial 
to bi- and triaxial tension. Use of force criterion of 
the crack nucleus unstable equilibrium enables to 
describe correctly effect of brittle strength fall ob- 
served in this case. 

An attempt was made in this report to develop cri- 
terion of the crack nucleus unstable equilibrium 
based on conditions of atomic bonds break at the 
crack tip. To this end, concept of critical energy 
density in crystal offered earlier [2] was applied. 
According to this concept, fracture of crystal at the 
crack nucleus tip occurs when energy density 
reaches its critical value that is equal to sublima- 
tion energy for one (separate) gram-atom. This 

approach has allowed to estimate the value of spe- 
cific energy of fracture of crystal at the crack nu- 
cleus tip. It is ascertained that without plastic re- 
laxation of stresses at the crack nucleus tip the 
value of specific energy of fracture exceeds the 
value of specific surface energy of crystal. 

Investigation findings show that unlike macro- 
scopic cracks, force and energetic criteria of unsta- 
ble equilibrium for the crack nucleus are not iden- 
tical. Necessary condition (gain in energy) of the 
crack nucleus growth is fulfilled at stresses less 
than those for sufficient condition (atomic bonds 
break at the crack tip). Estimations carried out 
shows that ratio of these stresses might amount to 
twofold value. 

Q00     Q25      Q50      Q75      1,00      U5      1£) 

A^ea 

Figure 1. The crack nucleus orientation effect on 
the relative value of critical stress of the crack nu- 

cleus unstable equilibrium. 
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ABOUT DENSIFICATION AND HARDENING OF POROUS BLANKS 
DURING AXIAL COMPRESSION 

Ryabicheva L.A., Kravtsova J.V. 
East Ukrainian National University named after Vladimir Dahl, Lugansk, Ukraine 

The behaviors of porous materials hardening de- 
pend on evolution of porosity and hardening of 
solid phase of porous body during deformation. 
The strain rate and degrees of strain exert a sub- 
stantial effect on these processes. 

The influence of strain rate on densification and 
hardening of porous materials, expressing in struc- 
ture change, is connected with properties change 
both during deformation and after it. 

It is known, that deformation strength of compact 
metals increases with growing of strain rate. This 
is due to greater degree of metal hardening under 
alike value of plastic deformation. The studies of 
this question for powdered sintered materials are 
insufficient and carry the inconsistent nature. 

The aim of our work is an experimental study of 
strain rate influence on densification and hardening 
of porous blanks under axial compression. 

The experiments on axial compression were exe- 
cuted on cylindrical samples with a diameter of 7,8 
mm and height of 15 mm. The samples with poros- 
ity within 6-20% produced from copper powder 
ITMC-1 by the method of cold bilateral compres- 
sion on hydraulic press and the following sintering 
at 960°C in vacuum for one hour are studied for 
peculiarities of their strain and rate hardening. The 
axial compression was executed on universal test- 
ing ZD-4 machine. The fluoroplastic film with 
thickness of 0,12 mm served as lubrificant. The 
samples were deformed before degrees of strain 
about 30%. The Strain rates were 0,002 s"1; 0,01s"1; 
0,02 s-1. 

The studying of strain rate influence on evolution 
of porosity execute by the way of axial compres- 
sion of samples with different initial porosity up to 
various degrees of strain. The current porosity is 
defined by hydrostatic weighting. 

The values of porosity depending on strain under 
different strain rates are presented in a fig.l. 

As it can be observed the different nature of sam- 
ples' densification with various initial porosity is 
obviously during deformation. If a densification 
rate of samples with porosity less then 13% 
changes slightly, the densification of porous sam- 
ples (do >13%) is more intensity, but hinders under 

degree of strain about 18%. This fact is explained 
by formation of closed pores. 

e,% 

Fig.l. Porosity - strain depends during axial 
compression of porous copper: 

1 - e = 0,002s4; 2 - e = 0,01s-1; 3 - e = 0,02s-1; 
A - 0 = 6%; ■- 0 = 10%; o - 0 = 13%; •- 0 = 15%; 

o-Ö = 20%; 

As it is seen from fig.l that under initial porosity 
of 6% and degrees of strain of 5 and 10% the 
changing of porosity of samples is small and prac- 
tically constant. Under initial porosities 15 - 20% 
and strains 5-10% the reduction of porosity is also 
small. With strain increasing the changing of po- 
rosity is more intensively. 

The strain rate influence is shown in activation of 
densification process. The increasing of strain rate 
results in reducing of porosity at constant value of 
strain. The lower position level of porosity-strain 
curves evidences about it. 

With increasing of strain rate more intensive densi- 
fication of samples (even for materials with poros- 
ity less then 13%) takes place in all investigated 
range of strains. Rate influence of strain rate to 
evolution of porosity the degree of strain about 
15% is critical. It is possible to consider that under 
greater degrees of strain the reduction of porosity 
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and hardening of solid phase occurs. This is con- 
firmed by fig.l dependences, showing that reduc- 
ing of porosity and growing of the solid phase 
hardening accompany increasing of strain rate and 
degree of strain. 

The authors [2] propose to take into account sensi- 
tivity of material to strain rate by the way of con- 
sideration of rate-hardening factor k. According 
this hypothesis, the rate-hardening factor increases 
with growing its sensitivity to strain rate. 

For the three values of strain rate the dependencies 
a = f{s) are obtained (fig.2). 

<7,Mna; 

0.002 0,01 0.02    8, C_1 

Fig.2. Stress-strain rate dependencies: 1-e = 5%; 
2-e = 10%; 3-e = 15%; 4-e = 20%; 5-e = 30%; 
 0o = 6%; 0o = 2O% 

Proceeding from obtained dependencies (fig.2), the 
hardening of material with initial porosity of 6% is 
characterized the united rate-hardening factor 
£=0,16. This factor will stay unchangeable with 
strain growing. The parallelism of corresponding 
lines of a = f{s) dependencies evidence about it. 
These data evidence about that under initial poros- 
ity of 6% and further its reduction during deforma- 
tion the growth of hardening takes place for ac- 
count of solid phase deformation. 

The increasing of initial porosity to 20% results in 
the broken nature of a = f(s) dependencies. The 
bend occurs at strain rate of 0,01 s"1. There are two 
stages in all dependencies. The first stage charac- 
terizes rate hardening of porous copper when strain 
rate increases from 0,002s"1 to 0,01s"1; the second 
stage - when strain rate increases from 0,01s"1 to 
0,02s"1. The rate-hardening factor in the first stage 
is bigger than in the second stage. Its value for the 
first stage equals 0,21 at degree of strain about 5%, 
£=0,51 at degree of strain about 30%. For the sec- 
ond stage this factor changes within 0,088 - 0,11. 

The obtained data are consistent with the porosity 
- strain dependencies, when at degrees of strain 20 
and 30% and initial porosity of 20% the reducing 
of porosity is slightly too. 

Under source porosity of 20% the rate-hardening 
factor turns out to be sensitive to changing of 
strain. The increasing of degree of strain results in 
growing of rate-hardening factor from 0,21 at de- 
gree of strain of.5% to 0,51 at strain of 30% at first 
stage and it remains practically constant under 
same degrees of strain. 

Proceeded from obtained patterns, it can be sup- 
posed that one of the parameters defining sensitiv- 
ity of porous copper to change strain rate is poros- 
ity. The growing of initial porosity of deformed 
body results in increasing its sensitivity to strain 
rate. 

It can be also noted, that rate-hardening factor k for 
initial porosity of 6% equals to 0,16. It turns out to 
be less this factor porosity about 20% on first stage 
and more on second stage under all degrees of 
strain. Thereby, for estimation of sensitivity of po- 
rous body to change of strain rate it can be possible 
to use the rate-hardening factor, either as for com- 
pact material. 

The rate-hardening factor increases with growing 
of initial porosity of material. Under investigated 
loading scheme the porosity, reducing during de- 
formation, acts as hardening factor, which influ- 
ence became stronger, than strain rate higher. 

Analyze of strain rate influence on densification 
and hardening processes is presented. It is shown 
that densification process depends on evolution of 
porosity during axial compression. The rate- 
hardening factor is used for characterizing of mate- 
rial's sensitivity to strain rate. The reduction of 
porosity with increasing of strain rate and com- 
pression strain is shown. 
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InSe SOLAR CELLS 

Katerynchuk V.M., Kovalvuk Z.D., Zaslonkin A.V., Sidor O.M. 
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The searches of efficient photoconverters of solar 
energy are actual at present day. The choice of ,a 
type of photoconverter depends on many factors. 
The most important from them are: the connection 
of low cost and high efficiency of a 
photoconverter; the use of a crystal or thin film 
semiconductor substrate; techniques of a p-n 
junction formation. 

The InSe compound is of great interest among 
many semiconductors, which are used in the solar 
power. Indium monoselenide belongs to materials 
with a layered crystal structure. This structure 
reflects a fact of the existence of two types of 
chemical bonds between atoms in it. A single 
layer is the sandwich of four monatomic planes in 
the succession chalcogen-metal-metal-chalcogen 
in which the strong covalent bonds between the 
atoms is realized. In such a layer all the chemical 
bonds are saturated, therefore the interaction 
between the layers is realized by weak Van der 
Waals forces. This means that InSe can be easily 
cleaved onto enough thin plates, which combine 
in themselves simultaneously the properties of the 
crystal structure and the possibilities of a 
preparation of thin InSe films of some microns in 
thick. The surface of the cleaved plates is mirror- 
like and inert to chemical adsorption in the 
environment. So, it does not need any mechanical 
or chemical treatment. 

It is known that the InSe energy gap is 1.2 eV at 
room temperature [1] and from the point of view 
of the theoretical efficiency of photoconversion 
[2] this compound is optimum for using as a 
photoconverter. The previous investigations of the 
conversion efficiency were carried out for the 
materials of both n- and p-type conductivity of 
InSe [3, 4]. In both the above-mentioned articles 
gold was used as material for the preparation of 
the photoconverters that raises their cost. The 
maximum efficiency of the photoconversion is 2.5 
% for the Au - n-InSe Schottky diodes [3] and 
10% for ITO - p-InSe heteroj unctions [4]. An 
obstacle   for   receiving   higher   values   of  the 

conversion coefficient is the overcoming of series 
resistance of the cells that is a consequence of the 
layered crystalline structure. Note, that the authors 
of [3] had used for the preparation of the solar 
cells the InSe substrates with a thickness 60 to 85 
um, and in [4] - less than 20 urn. 

In this report the new approaches to the formation 
of potential barrier of InSe based photoconverters 
to lower their series resistance and to the 
preparation of ohmic contacts are proposed. These 
approaches are much simpler and cheaper than the 
methods known in the literature. During the diode 
structure preparation as a substrate we have used 
the InSe ingots grown by the Bridgman method 
and doped with cadmium for obtaining the hole 
conductivity. A substrate thickness was 0.3 to 0.5 
mm. The substrates were placed into an electric 
furnace with controlled and stabilized temperature 
and thermally oxidized at a temperature between 
450 and 500°C at an oxidation duration from 
several minutes to several hundreds of hours. The 
oxidation leads to the formation of oxide film on 
the InSe surface. The oxidized samples were 
divided onto two halves with a razor blade and cut 
off from all the sides with the object of the 
elimination of p-n junction closings. The 
heterojunctions thickness was done about 100 um 
by of the consecutive cleaving the crystal layers. 
It is established that the oxide film on an InSe 
substrate has the properties, which are identical to 
the ln203 film characteristics: it has metallic 
conductivity and high transparency. The film 
thickness can vary in wide limits. Its colour that 
varies depending on the oxidation time is 
evidence of it. For all the oxidation conditions the 
potential barrier formation was observed at the 
oxide-semiconductor interface. Under 
illumination of the created oxide-p-lnSe structures 
the maximum value of open circuit voltage (Uoc) 
was registered on the level of 0.6 to 0.62 V. This 
value is although the biggest one known from the 
literature data. It is established that besides the 
formation of a surface oxide film, which plays a 
role of a heterojunctions active element, the 
oxygen diffusion into the depth of crystal also 
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takes place. This diffusion leads to a significant 
decreasing photoconverter series resistance. 
Besides, additional cleaving the substrate layers 
can decrease the series resistance. Pure indium has 
been used as a back ohmic contact deposited on 
the preliminary damaged substrate surface. The 
surface of the oxide was although covered by a 
grid indium electrode that promotes to a better 
photocarriers collection. 

Under the conditions of a direct Sun illumination 
with a 75 mW/cm2 incident power, for different 
photoconverters the short circuit current (Isc) has 
attained a 20 to 30 mA/cm2 value and the open 
circuit voltage is 0.58 to 0.62 V. The conver-sion 
efficiency was estimated on the basis of the 
measurements of the current-voltage characteristic 
of oxide-p-InSe solar cells and under the above- 
mentioned conditions of Sun illumination it was 5 
to 10%. 
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RADIATION STABLE PHOTODETECTORS BASED ON LAYERED 
III-VI COMPOUNDS 

Di apak S.I., Kovalvuk Z.D., Netyaga V.V., Orletskii V.B. 
Frantsevich Institute of Material Sciences Problems, National Academy of Sciences of 

the Ukraine, Chernivtsi Department, Chernivtsi, Ukraine 

Photosensitive devices based on layered InSe and 
GaSe semiconductors have essential advantages 
over other analogues prepared from traditional 
semiconductors starting from the stability of their 
electrical and photoelectrical characteristics to the 
influence of ionizing radiation [1+2]. 

We have developed the technology of preparation 
of some new photosensitive structures based on 
indium and gallium selenides for the spectral 
range 0.2 to 1 urn. Their properties are also 
investigated. 

1. Semitransparent Sn film - p-InSe:Zn 
structures were prepared by thermal evaporation 
of tin onto fresh-cleaved (001) surfaces of 
InSe:Zn samples. Ohmic contacts to them were 
prepared according to the method proposed by us 
in [3]. For the prepared structures we carried out 
the measurements of help full signal Us, noise Un, 
and their ratio, which determine the limiting 
characteristics of photodetectors. These 
parameters were investigated depending on both 
technological conditions at preparing the 
structures and operating parameters of 
photodetectors (bias voltage, modulation 
frequency of light beam etc.) 

It is established that a maximum value Us/Un 

>300 is much higher than that in the case of 
photoresistive effect [3] but a bias voltage giving 
this value is the same for the both cases and lies 
between 0.5 and 1 V. The maximum value of the 
Us<TJn ratio was obtained at the modulation 
frequency of light beam f = 400 Hz when the Sn 
film was illuminated by a radiation with a color 
temperature equal to 2850 K. 

The experimental dependences of spectral noise 
density on applied bias in the range 0 to 4 V can 
be described by the Hooge relation: 
S(f)=const-Vn/fT. However as one can see from 
the S(V) dependence (Fig.l), the value of n is 
essentially less than 2 whereas for traditional 
semiconductors n«2. In the range below 1 V we 

have n«l and with increasing a reverse bias to 4 V 
the value of n becomes 1.4 to 1.5 . Such regularity 
was typical in the case of photoresistive effect in n- 
InSe [4]. 

2. In2Se3 belongs to a wide group of layered 
semiconductors and differs from its other 
representatives by the availability of essential 
defects of the structure. Starting from this property 
and, therefore, radiation stability of the material the 
preparation of photosensitive devices on its base is 
very important. 

In2Se3 films were prepared by the method of 
evaporation of n-In2Se3 single crystals with a- 
modification (Eg=1.4 eV) at a residual pressure not 
more than 2-10"5 mm Hg. X-ray studies have 
shown that the obtained films have the well defined 
y-modification (Eg=2.0 eV) independently of 
substrate temperature. 

=3 
CO 

Fig.l. 
Noise spectral density vs bias voltage for Sn- 
InSe:Zn structure. 

p- 

The influence of technological conditions of n- 
In2Se3 films deposition on photoelectric 
parameters of radiation stable In2Se3 - GaSe 
structures has been investigated. It is established 
that the systems based on In2Se3 films, which were 
deposited at a substrate temperature between 100 

129 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

and 150°C, have the most stable photosensitive 
parameters. 

We have carried out a comparative analysis of the 
electrical and photoelectric properties of In2Se3 - 
GaSe structures prepared by the methods of 
vacuum evaporation and optical contact. The 
obtained values of the open circuit voltage at light 
illumination power of 100 mW/cm2 are 0.7 - 0.8 
V for the structures prepared by the vacuum 
evaporation method. They are twice higher than 
those for the structures prepared by the optical 
contact method. The difference, which was 
observed in current - voltage and capacitance - 
voltage characteristics for the structures prepared 
by both methods, could be well explained by the 
changes of the band parameters. Photovoltaic 
spectrums of n-h^Seß-p-GaSe heterostructures 
prepared by the methods of optical contact and 
vacuum evaporation are shown in Fig.2. 

under thermal oxidation of GaSe substrates and are 
less sensitive or non-sensitive in ultraviolet spectral 
range. 

As follows from the electrical and photoelectric 
investigations, the above-mentioned structures can 
be used as radiation stable photodetectors in the 
spectral range 0.2 to 1 um. 
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Fig.2. Spectral dependences of quantum 
efficiency for n-In2Se3-p-GaSe heterostructures 
prepared by the methods of optical contact (1) 
and vacuum evaporation (2). 

3. Recently a great attention is directed to 
investigations of the structures based on III-VI 
layered semiconductors and prepared by their 
thermal oxidation. First of all it is caused by their 
sensitivity in ultraviolet spectral range [6-7]. We 
propose a method for preparation of dielectric - 
semiconductor structures which give stable and 
reproduced photoelectric characteristics. It 
consists in the formation of thin Ga203 film onto 
substrates of other semiconductors. It eliminates a 
possibility of the formation of undesirable phases 
of GaO, Ga20, and Ga2Se3, which can appear 
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PHASE COMPOSITION  &   INTERFACE  DESIGN OF HIGH COERCIVE 
SINTERED PERMANENT MAGNETS OFSmCo5-TYPE 

* Andreeva A.V., Talijan N.M.,. Milutinovic-Nikolic A, Static-Trosic J., Jovanovic Z.D. 
* Institute of Microelectronics Technology RAS,142432, Chernogolovka, Moscow Region, Russia, 

Institute of Chemistry, Technology and Metallurgy, YU-11001, Belgrade, Yugoslavia 

The sintered permanent magnets (SPM) base'd 
on powders of rare earth metals are nonequilibrium 
multiphase ultradispersed systems (UDS). The 
processes of structure selforganization giving rise to 
special crystallographic and magnetic textures are 
characteristic of high tech. SPM. Crystalline 
interfaces are the main defects of UDS. The 
space symmetry of adjacent crystals and their 
mutual interconnection is a key to structure and 
properties of interfaces, topology of interfacial 
defects, phase transformations during grain growth 
and other contact phenomena in UDS. In many 
cases the processes in contact interface layer 
determine the final properties of UDS [1-4]. 

High performance SPM are based on 
outstanding intrinsic magnetic properties as well as 
optimized     microstructures and     chemical 
compositions. SmCo5 is a widely used rare-earth 
magnet because of its high Curie temperature and 
high anisotropy field. The excellent magnetic 
properties of SPM, Hc~20-25kOe, high maximum 
energy products exceeds 20 MGOe have been 
achieved in anisotropy magnets by improving 
strong requirements on the grain and interface 
structure. 

The influence of interface structure, boundary 
secondary phase distribution and chemical 
composition on the magnetic properties of SPM 
based on SmCo5 high dispersion powder is 
investigated. The phenomenon of high coercivity of 
SmCo5 magnets has been treated in the framework 
of the theory of interfaces (calculations of the 
crystallographic parameters and atomic models of 
special coherent grain and phase boundaries in the 
Sm-Co- system), which affords some new insight in 
its origin. The texture analysis and precipitation 
processes of secondary phases on grain boundaries 
are compared with interface crystallography. The 
model calculation based on bicomponent phase 
diagram and composition correction with oxygen 
content and magnet density is proposed. 

Microstructure of Sm-Co magnets will be 
discussed in relation to the magnetic properties 
obtained in a series of 20 samples. The Sm content 
in the SPM ranged from 33 to 38 %. The SPM were 

prepared by standard powder metallurgy 
techniques, including milling to particles of 7,37 
microns, compacting under pressure 638MPa and 
orientation in 60kOe field, optimize sintering and 
heat treatment [5] followed by quenching to room 
temperature. To obtain the high coercive SPM the 
optimization sintering regime [5] based on x-ray 
texture analysis with maximum intensity of {111}R 
SmCo5 - phase was applied. . Micro X-ray 
diffraction spectral quantitative analysis was used 
for chemical analysisT Microstructure investigations 
of the SPM were carried out by optical, SEM and 
TEM microscopy. Magnetic properties were 
measured with hysteresisgraph. 

A microstructure modelling based on the 
magnet density and secondary element 
contamination is applied.. Any changing of Sm 
content over the exact SmCo5 phase composition 
(33,8%) plays an important role in magnetic 
properties of the SPM. To use phase diagram Sm-Co 
it is necessary to correct Sm content (Sm<j), because 
undesirable secondary elements (oxygen, carbon, 
nitrogen etc.) can extract Sm from matrix phase 1-5. 

%Sm (d) = {%Smc - E[(%Smi/ %Woh]}/ 

[l-S(%Ic/%!;)] (1) 

where %Smc - is the Sm content in SPM; Sm; 

is the Sm content in secondary phase Sm-I, %I( is 
the secondary element (O, C,N etc.) content in the 
secondary phase Sm-I, %Ic - is the secondary 
element content in SPM. 

The Sm<i (diagram) concentration can be used 
to evaluate the volume fraction of 2-7 and 2-17 
secondary phases and fraction of pores and oxides in 
theSPMofSmCo5 -type, as in [6]. 

The samples with a higher oxygen content 
show a transition from the presence of super 
stoichiometric Sm2Co7 (2-7) phase, which is not (up 
to 10-14%) influence on decreasing of coercivity, to 
substoichiometric undesirable Sm2Co!7 (2-17) phase, 
which considerably deteriorate magnetic properties 
of the SPM. 
The secondary phases 2-17, oxides and pores are 
usually     observed   on  interfaces  of the   SPM. 
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Interface microstructure for different 
compositions of the SPM is shown in Figs. 1-3. 
When excess of Co is ~ 2% compared with exact 
SmCos phase, then cell microstructure with 
amorphous 2-17 boundary phase is observed(Fig. 1) 
This structure is characterized by low value of Hc. 
When excess of Co is <0,2%, then oriented 
crystalline precipitates of 2-17 boundary phase is 
formed (fig.2). The mutual phase orientation, 
determined by crystallographic calculations and 
computer modeling (fig.2) agrees with diffraction 
patem. Superstoichiometric compositions (with Sm 
excess) of the SPM with low oxygen content are 
characterized by high coercivity, reduced porosity, 
higher density and perfect interface structure (fig.3). 

The experimental observations revealed 

the influence of external magnetic field during 
powder consolidation process on the shrinkage 
and interface pore distribution; 
the   simultaneous   increase   in   the   rate   of 
shrinkage and coercivity, as the Sm content in 
the alloy exceeds its stoichiometric amount in 
the SmCoj phase; 
the appearance of secondary Sm:Co,7 phase, as 
interface phase leads to considerable decreasing 
of coercivity 
the definite crystallographic orientation of the 
secondary  Sm:Co7  and  Sm2Co17 phases,  as 
interface precipitates    and their influence on 
coercivity; 
the   influence   of  nterface   design   on   high 
coercivity of the SPM; 
the role of magnetocrystalline anisotropy and 
interface atomic structure in domain wall -grain 
boundary   interactions,   pinning   and   reverse 
domain   nucleation   mechanism   in      SmCo5 

magnets with one [0001] easy magnetisation 
direction 

Fig.l Fig3. 

Fig.2 
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EFFECT OF GRAIN SIZE AND PLASTIC STRAIN ON WEIBULL 
PARAMETERS 

Zimina G.„ Kotrechko S. 
G.V. Kurdyumov Institute for Metal Physics of NAS of the Ukraine, Kyiv, Ukraine 

At present, "Local Approach to Fracture" is 
conventional for description of fracture of metals 
and alloys under the condition of stress concentra- 
tion [1]. Fracture criterion for reference pattern 
(representative volume) of polycrystal is key point 
in this approach. Weibull distribution is usually 
applied for estimation of probability of this vol- 
ume: 

F(a) = 1 - exp G-ath 

\     °u      J 

where alh is threshold stress (low limit of 
strength), m is parameter that determines the shape 
of probability function, cru characterises sensitiv- 
ity of fracture stress of metal to change in its vol- 
ume (scale parameter). 

In present day conception of local approach it 
is postulated that Weibull distribution parameters 
are material's constant and don't depend on stress- 
strain state of metal. Statistical model suggested in 
[2] enables to delimit effect of metal structure and 
influence of stress-strain state of metal near notch 
or sharp crack on both the value of fracture prob- 
ability and the value of local fracture stress [3] by 
computer simulation. 

Theoretical analysis of grain distribution pa- 
rameters on Weibull distribution parameters has 
been carried out elsewhere [4]. Fracture probability 
function obtained by computer simulation of crack 
nucleation in polycrystal and its unstable equilib- 
rium was approximated by tree-parameter Weibull 
distribution to this end. It permits to ascertain rela- 
tions between Weibull distribution parameters and 
such microstructural parameters as the most prob- 
able grain size and grain size variance (Figure 1). It 
has been exhibited that at uniaxial tension and 
fixed value of plastic strain the value of shape pa- 
rameter m is actually independent on the value of 
the most probable grain size. The value of shape 
parameter m diminishes with rise in logarithmic 
grain size variance Dln d. Shape parameter m is 

linear function of yJDlnd at that case. The thresh- 

old stress csth is proportional to dmj,v (dmpv be a 
most probable value of grain size) and depends on 
grain size variance. This stress is approximately 
equal to 0.7RMC (RMC be a minimum brittle 
fracture stress of unnotched specimens over duc- 
tile-brittle temperature  region).  The  normalised 

scaling stress   ou/ath   is a linear function of 
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Figure 1. Effect of the most probable grain size 
dm v on Weibull distribution parameters; £>lnd 

is value of variance of grain size logarithm. 

Regularities of plastic strain effect on Weibull 
distribution parameters are presented in Figure 2. 
By applying this approach, only the shape pa- 
rameter m is nearly constant over the interval of 
small plastic strains (i.e. those which do not exceed 
critical one ec - Figure 2). As strain grows, 
threshold stress decreases approximately by 1.3 
times. The value of au becomes 2.7 times greater. 

Dependence of ath on the strain value (Figure 

2) may be approximated with sufficient accuracy 
by linear function: ath = Ath -Bthy[e , where co- 

efficients Ath and Bth depend on the values of 
both average grain size and their variance (Figure 

3). 

133 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

0,000      0.005      0,010      0,015      0,020 

8000 

es 
CU 

■6000 

is 4000 
t/3 

2000 

1 1       >     i        ■        i 

I ■    m 

m 

S^m d=30 |jm 

s^m 0^=97 um 

*»    »   • _ 
"" —• 

I 

 *~ . —i A 
I                      i 

1   g 
n. 

1 J=- 1 (73 

0 
0,000      0,005      0,010      0,015      0,020 

Plastic strain, e 

Figure 2. Effect of the plastic strain on Weibull 
parameters for different grain sizes. 

0,00    0.05    0,10    0,15    0,20    0,25 

Plastic strain, e 

Figure 3. Effect of the plastic strain on threshold 
stress o,A for d      = 30 /urn 

Ratio o„ loth is a linear function of the plas- 

tic strain value: au /olh = Ath + Bue. Coefficients 

Au and Bu are metal structural constants de- 

pending on grain structure inhomogeneity. 

Dependence of alh  and au  on the plastic 

strain value is due to effect of dislocation stresses 

4 on the crack nucleus unstable equilibrium: 

k 

where tic is critical value of tensile stresses; r\ is 

stress state mode parameter (t] = ^22 ^ll^ll and 

^22are the principal tensile microstresses); 6 is 

angle between the crack plane and direction where 
principal tension microstress acts; K is the coeffi- 
cient that characterises resistance of the crystal to 
the propagation; q>(8,T|) is the function that de- 

scribes influence of microstress state r\ and orien- 

tation of the crack G on the critical stress. 
As it is follows from this equation, rise in 

these stresses results in critical stress t>c decrease 

and, respectively, to change in ath and <JU values. 

Conclusions 
1. Parameters of Weibull distribution aren't the 
metal constants. 
2. Shape parameter m doesn't depend on the 
values of both grain size and plastic strain, but it is 
sensitive to the grain size variance. 
3. Threshold stress alh and scale parameter au 

depend not only on the value of grain size but also 
on the plastic strain value reached to fracture. 
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THE INFLUENCE OF DISPERCED NANOCARBON ON THE KINETICS OF 
MESOPHASE COAL TAR PITCH TRANSFORMATIONS 
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Advanced Research Institute for Electrical Engineering (ICPE-CA), 

313 Splaiul Unirii, 74204, Bucharest 3, ROMANIA 
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The conversion process of a pitch material to 
the solid "green" coke, involves an 
intermediate phase, a liquid-crystal phase or 
mesophase. The formation of liquid-crystal 
from pyrolysing pitch materials is not a totally 
unique process to pitch. A considerable 
literature has existed for more than one 
hundred years, describing the formation, 
properties and application of liquid-crystal 
system. These materials are essentialy "self 
organized sistems", or "self assembling 
systems'". In the earlier years, liquide-crystal 
were looked upon as curiosity materials, but 
about thirty years ago they found a major 
application in "high-tech" display 
components. Today, there is familiarity with 
the LCD (Liquid Crystal Display) system of 
electronic equipments. Brooks and Taylor, in 
1968, reviewed the experience that petroleum 
pitch, coal tar pitch and some coals, on 
pyrolysis, generate molecular system wich 
form liquid-crystal. This discovery was a 
tremendous importance to the carbon and 
graphite industries, wich for the first time, 
now had a working theory of how 
graphitizable carbons could be formed. 

Kinetic studies on mesophase transformation 
is important for practical applications because 
the mesophase transformation is a key process 
to control optimize and improve the 
utilization process of coal tar pitch (CTP). 
Many scholars have worked in this area. 
Singer and Lewis have determined that the 
activation energy of mesophase formation 
between 400°C and 430°C is 185 kj/mol with 
acenaphthylele pitch. Honda et all., have 
reported an activation energy of 164 kj/mol 
from the change of the quinoline insoluble 
(QI) fraction of CTP, assuming the reaction is 
first order. Yamada et all., have studied the 
influence of primary QI on the kinetic 
parameters of mesophase transformation of 
CTP. They have found that the rate constant 
increase with the amounts of QI at 400°C. 
The objective of this work is to study the 
kinetic characteristics of the mesophase 
transformation of CTP in the presence on 
nanocarbon additives. 
The aim of our researches is to obtain an 
optimum composite material used as annodes 
in Li-ion secondary battery. 

135 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

THE HEALING OF CRACK IN TRANSPARENT DIELECTRICS UNDER 
INFLUENCE OF ELECTROMAGNETIC RADIATION 

Feodorov V.A.. Plushnikova T.N., Tjalin Yu. I., Chivanov A.V. 
Derzhavin Tambov State University, Tambov, Russia 

It is known that in conditions of asymmetrical 
cleavage of a crystal (with pronounced plane of 
cleavage) the probability of lateral break off is 
high. The lateral break off takes place when the 
growing crack changes the plane of propagation. 
During the process, the tip of the crack may healed 
itself. We know a few methods of healing. On the 
base of the methods the regularities of the phe- 
nomena may be investigated at a microlevcl. 

The destruction of crystals is accompanied by 
plastic deformation, its intensity and degree of lo- 
calization depends on a velocity of crack propaga- 
tion. At stopping of a crack in alkali-halide crystals 
the plastic zones are formed, their structure is de- 
termined by a type of a destroying crack, geometry 
of a sample, properties of a material. It is known 
that in such crystals spontaneous and artificial 
healing of cracks possibly. 

The purpose of this paper was to investigate 
experimentally the influence of electromagnetic 
radiation on processes of stress relaxation and 
healing of crack tip in alkali-halide. 

The materials used in the present work were 
LiF, NaCl, KC1 single crystals with impurity con- 
tent 10"4 wt%, 10"3 wt% and 10"2 wt%. The size of 
the samples was 10x25x2 mm. The samples were 
cleft from big single crystals. The crack of asym- 
metrical cleavage was initiated on (100) plane by 
calibrated impact with energy « 80 mJ. The point 
of crack initiation was situated at distance Sj from 
axis of symmetry. The degree of asymmetry was 
determined as Si/0.5S2, where S2 is width of sam- 
ple. The sample was cleft in two equal parts on 
(010) plane for preparation of "control" and 
"testing" crystals [1]. 

At the first series of experiment crystals were 
heated in stove in the temperature range of 300 + 
773 K. 

At the second series crystals were illuminated 
by tungsten lamps. The power of lamps was 20 and 
100 W and the maximum energy in the spectrum 
was 1.06 and 1.24 eV correspondingly. The wave- 
lengths were 350 + 760 nm. The intensity of light- 
ing was changed from 4 lx to 15 klx accordingly to 
power of lamp and lightfilter. The time of illumi- 
nation was varied from 10 to 1500 hours. 

In the third series the crystals subjected to ac- 
tion of ultraviolet and X-Ray radiation, with a 

wave length 1=2504-410 nm and Ä =0,154 nm; 
A =0,193 nm. An exposure of crystals by X-rays 
was made by X-ray diffractometer (DRON-2, 
DRON-0,5). The time of action varied from 3 min- 
utes about 3 hours. Dose X-ray radiation 3R/min. 

The behaviour of dislocations at tops of cracks 
is determined by the equation of equilibrium. At 
compiling of dislocations equilibrium (for disloca- 
tion emitted by a crack in a plane of a sliding) it is 
necessary to take into account stresses: operating 

T 
on a dislocation from a leg of a crack T   (xn ), 

forces of an image r;-, interaction of dislocations 

T   (xn,X •) and resistance of crystal to a shift 

Ts. For the scheme of plastic current of a fig. 1 
equations of equilibrium will look like the follow- 
ing: 

^(*#?)+X^(*n>*/)-*S~Ti =0, « = 1,2,...,m. 
The behaviour of dislocations at tips of cracks 

will depend from a relation of stresses. 
The plastic flow in the tip of a stopped crack in 

LiF single crystal was investigated by numerical 
modelling [2]. Two stages of dislocation structure 
formation in the tip of crack were discussed. The 
first stage is the formation of gliding lines in the 
moment of crack stop. The second is their evolu- 
tion and partial crack healing. It was shown, that in 
condition of unloading a few dislocations moved 
out of crystal on the crack plane under affect of 
mutual repel and forces of reflection. As a result of 
the process the dislocation density is maximal at 
some distance from the crack tip. There is a dislo- 
cation free area nearly the crack tip (fig. 2). 

It was experimentally found, that electromag- 
netic radiation changed dislocation structure at tip 
of the crack (fig. 1). The summary density of dis- 
locations was lowered. The healing at the crack tip 
was observed [1]. 

Electromagnetic radiation causes decreasing of 
mechanical stresses in tip of the crack of a reversi- 
ble motion of dislocations and partial healing of 
the tip. 

The exponential dependence of dislocation den- 
sity both from temperature and from time of light- 
ing was determined (fig. 3). 
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The action X-ray radiation results in stress re- 
laxation in tip of cracks for account a reversible 
motion of dislocations was established. The inten- 
sity of healing and stress relaxation depends from a 
wave of length of a X-rays. 

25 pan   : 
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b) 
Fig. 1. Dislocation structure in neighbourhood 

of tip of cleavage crack in LiF single crystal to in- 
fluence of X-Ray radiation E=6,25 keV: a) "Con- 
trol" crystal. T=300 K. b) "Testing" crystal after 
t=5 min. 
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Fig. 2. The dependence of linear density of 
dislocation on ray rosette upon distance from tip of 
crack. 1 - before healing. 2 - after healing. 

The intensity of healing and relaxation of 
stresses depends on material and spectrum of elec- 
tromagnetic radiation. The processes of healing 
and stress relaxation depend on intensity of elec- 
tromagnetic radiation. The greatest effect is ob- 
served at action of a X-rays. 

The influence of small doses X-ray radiation on 
processes of healing microcrack was investigated. 

t, hours 

Fig. 3. The relationship between compara- 
tive changing of dislocations number at crack 
tip (AN/N) and time (t) of treatment: 
1. T=355 K, 2. A =760 nm, 3. A =350 ran, 
4. A =250+410 nm,5. A =0,154 nm. 

The effect of healing microcrack was incre- 
mented at diminution a wave of length. The 
mechanisms of stress relaxation and healing re- 
sulted from X-Ray radiation were discussed. 

Conclusions 
1. Electromagnetic radiation causes decreasing 

of mechanical stresses in tip of the crack and par- 
tial healing of the tip. 

2. The intensity of healing and relaxation of 
stresses depends on material and spectrum of elec- 
tromagnetic radiation. 

3. The processes of healing and stress relaxation 
depend on intensity of electromagnetic radiation. 

This work was supported by a Grant of RFFR 
(project 02-01-01173). 
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The rearrangement of solid-phase 
particles, solution-reprecipitation process and 
solid-state sintering of skeleton widely known 
from the literature are classical mechanisms of 
densification of powder bodies during liquid- 
phase sintering. As the theory of the three-stage 
sintering has arisen on the basis of studying 
systems with limited mutual solubility of solid 
and liquid phases, it considers the phenomenon of 
dissolution of solid-phase particles in liquid as an 
indirect factor which promotes densification only 
due to liberating particles from the mutual 
blocking interfering rearrangement. Therefore, the 
theory does not take into account the direct 
contribution of the dissolution phenomenon to 
densification of powder bodies caused by 
reduction of solid phase in volume during 
dissolution. 

It is established as a result of dilatometric 
investigations that the process of liquid-phase 
sintering systems having appreciable mutual 
solubility of solid and liquid phases consists of 
two main stages. The first stage begins after 
formation and spreading of the melt throughout 
the volume of a powder body and finishes by 
growth of the compact in volume. The second 
stage is characterised by densification which 
occurs after termination of the growth. 

However, the second stage takes place only 
in the case, if the composition of a mixture being 
sintered gets into region of the solid-liquid state 
on the phase diagram at the sintering temperature 
in the equilibrium condition. If a compact contains 
the forming liquid phase component in a quantity 
not sufficient that the mixture of the solid and 
liquid phases would be preserved for an infinite 
long time in the equilibrium condition at the 
sintering temperature, the process of liquid-phase 
sintering is finished only by growth of the powder 
body, i.e., at first stage. In the latter case we mean, 
so-called, transient liquid-phase sintering. In 
accordance with the theory of the three stages, the 
amount of the liquid phase ensuring densification 
of the powder body up to its full dense state is 
equal 35 vol. %. In reality, the quantity of the 

liquid phase formed can be rather significant, 
considerably exceeding the above critical content. 
For instance, no appreciable densification is 
observed in the Ti-Al system, if even 75 vol. % of 
the condense phase of a compact is the liquid 
phase. 

The reason of such behaviour of powder 
bodies during liquid-phase sintering is a specific 
character of the diffusion interaction of two 
components, one of which is in the liquid state. 
Atoms belonging to the solid phase cannot pass 
into the liquid phase because of their strong ties 
with the crystal lattice. Therefore, atoms of the 
second component having the weaker ties with the 
melt diffuse into the solid phase during the all 
process of phases interaction, until the phase 
balance is established in the system. In this case, 
the concentration of the second component in the 
surface layer of the solid phase at some moment 
of time reaches a value enabling to this layer to 
pass into liquid state by melting. In such a way the 
dissolution process is carried out, or more 
accurate the transition of a solid phase into liquid 
one. 

Such mechanism of the diffusion interaction 
of solid and liquid phases explains known laws of 
liquid-phase sintering and, in particular, why the 
growth of a powder body precedes its 
densification as well as why the absolute 
meanings of volume changes depend on mutual 
solubility limits of phases, the additive content, 
sintering temperature, particles sizes and etc. [1]. 
So, in the Al-Cu system having a small solubility 
of Cu in Al in solid state and a large solubility of 
Al in the eutectic melt, an absolute value of 
powder compacts densification appears to be 
much more than their growth, whereas in the Ti- 
Al system possessing a considerable solubility in 
solid phase and a small solubility in the melt, the 
growth of powder bodies essentially surpasses 
their shrinkage. 

The densification of a powder body 
becomes more with increasing of the sintering 
temperature and/or the content of the additive 
forming the liquid phase due to an increase of the 
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melt quantity. The higher content of the liquid 
phase, the more amount of the solid phase is 
dissolved in it, the less the solid phase remains, 
the less sizes of the persisted particles become 
and the greater space is released for 
rearrangement of the particles. 

The larger aluminium particles, the smaller 
the surface area of the solid phase particles over 
which the interaction with the melt takes place 
and the less densification value, including one at 
the expense of reduction of capillary forces 
caused by the presence of the larger interparticle 
pores. 

Dilatometric researches of volume changes 
of powder bodies of the Al-Cu, Al-Si, and Al-Zn 
systems during sintering show that compacts on 
the base of the aluminium powder of technical 
purity have the more noticeable densification 
value in comparison with samples on the base of 
a high purity aluminium powder. This fact is 
connected with that the aluminium particles with 
impurities are inclined in the greater degree to 
disintegration during interaction with the melt. It 
is possible to suppose that disintegration of 
particles [2] promotes densification as a result of 
rearrangement of the fragments [3] owing to 
facilitation for sliding of the fragments along 
liquid phase layers with accommodation of the 
crystal shapes through the liquid phase [4]. 

Dark "stains" inside grains of sintered Al- 
Cu alloys found out with the help of 
metallography studies are of a scientific interest. 
An electron microprobe analysis has shown the 
presence of an increased content of copper in 
them. It is possible to assume that the stains form 
at the expense of precipitation of dispersed 
particles of the secondary CuAl2 phase in 
aluminium lattice during cooling of solid solutions 
and subsequent coagulating of these inclusions. 

As it turned out, the reduction of the 
aluminium lattice parameter up to a minimal 
meaning during liquid-phase sintering samples of 
the Al-Cu system is finished not by the end of the 
growth stage, but a bit late, until the beginning of 
the densification stage. This circumstance 
demonstrates that the growth of a powder body 
stops not because the diffusion of copper atoms in 
the aluminium lattice is finished by achievement 
of an equilibrium concentration in the solid phase, 
but because the growth stage is interrupted by 
occurrence of the densification process. As the 
system has not yet reached a chemical balance as 
relating to the content of copper in the solid phase 

as, probably, concerning composition of the liquid 
phase, densification in this moment to be carried 
out by means of the solid phase particles 
rearrangement due to their dissolving into the 
liquid phase. In subsequent period of time, when 
the lattice parameter becomes constant and it 
means that at least the solid phase already has 
reached a chemical balance, densification can 
proceed due to the rearrangement which is now 
connected to the classical solution-reprecipitation 
process. 

An increase of the copper content in the Al- 
Cu mixture up to 30 wt. % permits completely to 
exclude the compact growth during sintering 
owing to formation of a large quantity of the 
liquid phase destroying its rigid skeleton before it 
begins to increase its volume as a result of 
diffusion from the melt. Densification at such 
amount of the liquid phase is caused only by a 
quick rearrangement of solid phase particles in the 
liquid. 

Conclusions: 
The main part of compacts densification 

during liquid-phase sintering systems with 
significant solubility of the solid phase in liquid 
proceeds by means of the rearrangement process 
of the solid phase particles caused by dissolution 
of them in the liquid phase. In subsequent period 
of time, when the solid phase reaches its chemical 
balance, some densification can be controlled by 
rearrangement which is connected now to process 
of solution-reprecipitation. At formation of a large 
quantity of the liquid phase densification proceeds 
as a result of the instantaneous rearrangement 
process. 
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EFFECT OF A SMALL AMOUNT OF BORON ON STRUCTURE AND 
PROPERTIES IN MOLYBDENUM ALLOYS 
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National Institute for Materials Science, Tsukuba, Japan 
institute for Problems of Materials Science. Kiev. lj Ukraine 

Mechanical properties of molybdenum alloys have 
been improved by a small amount of boron addition 
[1-5]. We also studied boron distribution by 
particle-tracking autoradiography (PIA) [6-8]. 

Materials in this paper were prepared by plasma- 
beam, electron-beam and arc melting. Content of 
boron was between less than 0.02 ppm and 920 
ppm. 

Fig.l shows the relation between bend angle and 
test temperature in PE alloys. DBTT was defined as 
the bend ductility of 30 degrees. Therefore DBTT 
of Mo-2.5 ppm B, Mo-1.3 ppm B and pure Mo was 
170K, 21 OK and 275K, respectively. Yield stress of 
Mo-2.5 ppm was rather lower in the test 
temperature lower than 240K. However yield stress 
of Mo-1.3 ppm B was the highest in the temperature 
range of this experiment. It is clear that only a small 
amount of boron addition in molybdenum made a 
significant improvement of bend properties. 

Solubility of boron to molybdenum was very small, 
less than I ppm at room temperature. With an 
increase of boron content, fine precipitates were 
uniformly observed in the matrix [1-5]. Such 
precipitates of molybdenum borides were 
considered to behave as a trapping site for hydrogen 
diffusion [2]. Above the content'of 50 ppm B, wc 
often recognized needle-like precipitates thai grew 
to the <110> direction in the matrix and along grain 
boundaries [1-5]. In the case of Mo-920 ppm B, 
precipitates coalesced and fine needle-like ones 
were almost diminished in the matrix [2]. 
Strengthening effect of grain boundaries by boron 
addition and characteristics of boron precipitates 
will be discussed in detail. 
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LOCALIZED PLASTIC SHEAR PROPAGATION IN A METAL LAYER 

Stepanov G.V., Shirokov A.V. 
Institute for Problems of Strength, National Academy of Sciences, Kiev, Ukraine 

Combined influence of the nonuniformity and 
adiabatic heating in material at dynamic loading 
reduce resistance to plastic deformation and 
results in localized shear or adiabatic shear bands 
formation. 

The works [1-3] are devoted to numerical 
investigations of plastic deformation localization. 
The influence of applied velocity on the shear 
band propagation was analyzed in [4] and 
compared with the experimental results in [5]. 
The influence of specific effects at plastic shear 
(nonlinear viscosity, damage and temperature) on 
stress-strain distribution in one-dimensional 
problem was analyzed in [6]. But there are only 
scarce data on dynamic propagation 
(lengthening) of localization area. 

The main aim of this work is numerical 
simulation of main features of propagation 
(lengthening) of the area of intense plastic shear 
in a thin metal layer. 

Simple shear in the layer (#=6,0x10-3 m) of 
isotropic material was investigated. The initial 
conditions are zero. The velocities of shear vx at 
the boundaries (antisymmetric in relation to the 
center of the layer) along x direction changing 
with time are used. 

We assume the material to be elastic- 
viscoplastic. The modified Jonson-Cook's 
equation of state [7] in the form (1) that take into 
account viscosity effects was used in the 
simulation. It includes well established effects of 
strain hardening, thermal softening and linear 
viscosity (with viscosity factor //): 

a = ast+M£f (1) 

T 

c 

where ay is an yield stress of a metal under static 
loading; sf is effective strain; A, n are constants 
of strain hardening; b is constants of thermal 
softening; T, Tc are current and critical 
temperature of metal. A nonlinear temperature 
dependence of shear modulus was also included 
in the computation in the form (2): 

G(7)=G0(l-r/rc), (2) 
where G0 is shear modulus at 20°C. 

Heat conduction was neglected because of 
short duration of high strain rate localization. The 
work of plastic deformation defines the law of 
temperature increase: 

dT 

dt 

St CT: (3) 

where cv is thermal capacity of a material, at is 
intensity of instant stress. 

A short linear defect of length / (/=l,5.10-4 m) 
was included in the center of the layer. In such 
way was initiated shear localization. The 
boundaries velocities of the layer were increased 
in time till constant volume (v0) for 2,5 JJS (tk=50) 
at equation 

vx(0=vo(l-exp(-fk/3)), (4) 

where tk is a current step's number in time. 
The layer was modeled as a two-dimensional 

array with 200x20 elements (nodes). JVx=200, 
A^=20, where Nx, Ny are number of nodes in x, y 
direction. A step in time was chosen from 
stability condition by Kurant. 

We assumed that elastic deformation etj cannot 
be more than its theoretical value: 

e- < v 
a. 

(5) 

The linear defect was modeled as some nodes 
with decreased (on 20% ) yield stress. 

The thermo-mechanical parameters of mild 
steel (Table 1) was taken in the account, where v 
is module of Puanson. 

The influence of the initial defect on 
distribution of plastic deformation in the metal 
layer before the localization is small. Increase of 
deformation in it is only 2% among neighbor 
nodes. After beginning of localization the plastic 
deformation propagation from initial defect had 
symmetric form. And farther the plastic 
deformation localization become a basic process 
in the layer. 

The propagation rates of plastic strain of fixed 
levels along the layer (on nodes) from the initial 
defect graphed on fig. 1. Propagation rate ve of 
plastic strain level along the layer depends on 
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strain level and increases with distance from the 
initiate defect to the elastic shear wave velocity 
in metal. 

Table 1.   The   thermo-mechanical 
parameters of mild steel 

Material Mild steel 
ö-r,PaxlOD 300 
E, Pax 10" 2,1 
Tc, °C 750 
n 0,3 
A 0,3 
b 0.5 
v 0.27 
v0, m/s 45 
M, Pa*s [ 8] 20000 
p, g/m3xl0J 7.8 

Stepanov G.V., Fedorchuk V.A. Localized 
shear in sheet material. // Strength of 
materials.- 1999.- V. 31, Nb 5, 467-474. 
Jonson R.G., Cook W.H. Fracture 
characteristics of three metals subjected to 
various strains, stran rates, temperatures and 
pressures // Engng Fract. Mech. -1985.- 21, 
Nl.-P. 31-48. 
Stepanov G.V. Elastic-plastic deformation 
and fracture of materials under impulse 
loading (In russian). - Kiev: Naukova 
Dumka, 1991.-287c. 

Ve. m/s 

3000 

2500 

Fig.l. The propagation rates of plastic strain of 
fixed levels along the layer (on nodes) from the 
initial defect. 
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THE DESCRIPTION OF THE SILICON MELT MOVEMENT AT THE FZ 
PROCESS 

Egorov S.G., Chervonyi I.F., Kolobov G.A., Nikonenko A.P. 
The Zaporozhye State Engineering Academy, Zaporozhye, Ukraine 

Today FZ method is used for manufacturing of 
high resistance monocrystals of the silicon. 

During the process of growth of the silicon 
monocrystals in a zone molten the convective, 
centrifugal, electrodynamic forces and forces of a 
surface tension work [1]. 

These forces call the melt movement, which 
plays a considerable role in the heat interchange 
and impurity distribution at the front of crystalli- 
zation. The dimensionless parametric numbers 
because of difficulties of visual observation under 
operational conditions for describing of melt 
movement are used. 

The Grashof (Gr), Prandtl (Pr) and Raleigh 
(Ra) numbers for describing of thermal streams in 
a melt are used. The Grashof number features op- 
eration of a free convection caused by presence of 
a temperature lapse rate. It represents the ratio of 
body forces in a nonisothermal homogeneous fluid 
as to friction forces: 

Gr = ^L_ } (1) 
v 

where g - free fall acceleration, m/c2; ß - coeffi- 
cient of volume expansion, for silicon ß =1.4x10" 
4 K"1; AT=T,-T2 - odds of the temperatures be- 
tween heated and cooled areas, K; H - the melt 
height, m; v - kinematic viscosity, ^=3.5xlO"7 M

2
/C. 

While calculating the Gr number it is necessary to 
take into account that for each diameter there is the 
odd of temperature [2]. 

The Prandtl number represents the ratio be- 
tween coefficients of viscosity and thermal diffu- 
sivity Pr-v/%, where % - thermal diffusivity, m /s. 
For silicon the Prandtl number is Pr=0.014. 

The Grashof and Prandtl numbers multiplica- 
tion gives the Raleigh number 

Ra = GrPr 
gßAHT 

VX 
(2) 

The convection mode is determined depending 
on the quantity of Ra number's and quantity of the 
ratio Hid (the ratio of zone molten height to its di- 
ameter). 

If Ra<Raa then the convection in the melt is 
not present and the thermal conduction mode is 
carried out; if Raa<Ra<RaC2 then, a stationary 
convection develops; if RaC2 <Ra<RaC3 then the 

mode of convection development transfers from 
stationary to non-stationary one; if RaC3 ^Ra, then 
the turbulent convection is observed, where Raa, 
RaC2, Rctc3 - are critical values for the relevant 
convection types [3]. The Ra number, similar to Gr 
number, will rise while increasing of the crystal 
radius. 

It is necessary to note, that at the FZ-process 
the top heating (T,>T2) is carried out (fig. 1). 
Hence, there are no the convection streams in the 
molten zone. 

The diffusion mode of substance transport is 
carried out, and the heat is transmitted at the ex- 
pense of the thermal conduction. In this case 
Gr = 0 and Ra = 0. 

1 - seed; 2 - coil; 3 - melt; 4 - single crystal; 
5 - solidified front; 6 - melting front. 
Figure 1 - Scheme of the FZ-process. 

The following type of the natural convection is 
the thermocapillary convection. It is due to the sur- 
face forces. The convection given   is featured by 
the Marangoni number's (MaT), which is the ratio 
of the surface forces lapse rate caused by the tem- 
perature difference as to viscosity forces 

(da/dT)ATRKp 
MaT =■ 

PXV 
where a - surface force, N/m; (do/dT) - lapse rate 
of the surface force, (do/dT)=-OA3xW3 H/(M-K). 

The Marangoni streams work in the area near 
to the melt - atmosphere interfaces. With increas- 
ing crystal radius the MaT number will rise and for 
crystals of radius 75 mm (AT=12°C [3]) is MaT 

*3-104. 
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Except for the natural convection, in the melt 
the forced convection caused by the presence of 
centrifugal and electrodynamic forces works. 

The forced convection caused by rotation of 
the crystal is featured by a rotary Reynolds number 

**«,= 
<*>4> 

(4) 
v 

where co- speed of crystal rotation, s"1. 
With increasing of crystal dimensions the 

speed of its rotation reduces for a drop of inertial 
forces effective on the melt, which can give strait 
of a melt through the melt - atmosphere interface. 
For RKp=15 mm and <u=1.05 c' the quantity Rey- 
nolds number is Ref,ps\.7-\04. 

In paper [4] it is shown, that the electrody- 
namic forces work in surface area of the melt and 
make possible the melt movement, which is fea- 
tured in the following parameter: 

Nmd = 
pu2 

(5) 

where /j - constant of a magnetic field, n=4nxl0' 
Him; H - intensity of a magnetic field, A/m; v - 

speed of melt fluxion , caused by electrodynamic 
forces, m/s. 

For featuring the magnetic field influence, 
which is generated by the coil, the Hartman num- 
ber, showing the ratio of magnetic forces as to vis- 
cosity forces, is used: 

The electrodynamic forces and Marangoni 
streams work in a lamina of the melt near to a sur- 
face. 

Here electrodynamic forces exceed all re- 
maining ones by some orders [4]. However, with 
increasing of the zone molten height (increasing of 
the crystal radius) their influence on the impurity 
distribution near to the solidified front decreases. 

Therefore, to run effectively the quality of the 
monocrystal is possible using its rotation and mag- 
netic field. 
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Ha = BR. (6) 

where B - magnetic induction, T; a - electrical 
conductance of the silicon melt, 
o=12.3xl05 (Q-m)"1; 7] - dynamic viscosity of the 
silicon melt, 7=8.8xlO"4Pa-s. At 75 mm single 
crystal growth the magnetic induction is equal 
0.05 T [4]. In this case the Hartman number is 
//o=143. 

During single crystal growth all convection 
types work simultaneously, therefore, for the char- 
acterizing of the processes, taking place in the 
molten zone, we use the following ratios as to 
parametric numbers: GrIReJ, MalNmd, GrlNmd, 
Ha2IGr"\ Ha2IReoh etc. 

In the absence of the thermal convection taking 
place in all the volume of the zone molten it is pos- 
sible to include to the process rotation and elec- 
tromagnetic forces having the similar order 
(Ha21 Re a-\ 2^-2 A, depending on rotation single 
crystal speed). Driving the relation between these 
forces it is possible to influence on volumetric dis- 
tribution of an impurity in the melt. 
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THE INFLUENCE OF INITIAL POWDERS DISPERSIVITY, ACTIVATING 
AGENTS AND HOT PRESSING TEMPERATURE ON Si3N4-SiC CERAMICS 

DENSITY 

JVo X] x2 x3 
JT|A"i JC|Jt3 

7 
x; y3 y 

1 _ . - + + + + 2,5 2,9 

2 _ - 0 + 0 0 0 1,0 0,94 

3 - - + + - - + 0,5 0,14 

4 - + - - + - + 8,1 7,68 

5 . + 0 - 0 0 0 3,9 4,02 

6 - + + - - + - 1,2 1,52 

7 + - - - - + + 9,2 8,88 

8 + - 0 - 0 0 0 8,1 8,02 

9 4- - + - + - + 7,9 8,32 

10 + + - + - - + 20 20,4 

11 + + 0 + 0 0 0 17,8 17,8 

12 + + + + + + + 16,8 16,4 

I 62,6 3S.6 -13.4 20.2 4.4 -6.S 66.2 97 

Goloubtsova E.S., Kaledin B.A, Malkevich N.G. 
Belarussian national technical university, Minsk, Republic of Belarus 

The materials with heteroigeneous structure are 
perspective for the process design of wide class of 
resistors, conducting phase of with is evenly 
distributed in dielectric matrix. Silicon carbide 
and silicon nitride would be appropriate materials 
for use as base combinations for the production of 
thermal stable resistor's elements. 

It was established, that the use of hot pressing 
(HP) makes possible to change the material 
composition over a wide range and to produce the 
materials with designated properties. 

The purpose of the given work is to investigate 
the influence of initial powders dispersivity, 
activating agents (MgO and A1203) and hot 
pressing temperature (1920, 1970 and 2020 K) on 
density (porosity), and electrical-and physical 
properties of hot-pressed ceramic materials on the 
base of silicon carbide and silicon nitride. 

The mixtures containing Si3N4powder with grain 
size 3—5 urn (20 vol.%) and SiC powder with 
grain size 1 and 10 urn were used for samples 
manufacture. 

The methods of experimental design were also 
used for pursuance of the research and on this 
base was chosen the plan 2*2*3. 

As optimization parameter was taken a porosity, 

% (y), and as the factors: x, —dispersivity of SiC 

powder, urn (1 and 10 um)„ x2— activating 

agents (MgO and A1203) and x3— hot pressing 

temperature (1920, 1970 and 2020 K). The 
tabulated factors for this plan were: A0=0,25, 
A01=Ao,=0; A03=0,25; A!=A2=0,08333; A3=0,125; 
A„=A22=0; A33=0,375; A12=0.08333; 
A13=A23=0,125; t=2,179. A replication error (S3) 
was 0,4. Plan matrix and porosity values are listed 
in the following table: 

Activating agents content comprises 5 vol.%. 

The adequate regression equation establishing the 
link between porosity (y3) and above mentioned 
factors was received after processing of 
experimental results (y3) and validation of the 
factors significance: 

y = 7,7 + 5,22x, + 3,22x2 - l,68x3 + l,68x,x2 

+ 0,55x,x3 - 0,25x2x3 + 0,58x3
2 

The analysis of this equation shows, that the 
greatest influence on porosity renders a 
dispersivity of SiC powders (xO, then comes 
activating agent (x2) and temperature of hot 
pressing (x3). 

It should be used SiC powder with grain size ~1 
um (x/=-l); MgO as activating agent (x2= - 1) and 
hot pressing temperature equal 2020 K (x3=+l) 
for reduction of porosity. 

In this case the calculated value is yz = 0,14 

(experimental value is -0,5%). 

Dense hot pressed samples Si3N4—SiC produced 
with use of activating agent MgO or A1203 

represent heterophase compositions, , wherein SiC 
particles are evenly distributed in silicon nitride 
matrix. 
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The pores having mainly isometric form and. as a 
rule, small size (about 1 urn) are arranged at the 
interfaces between some grains. 

X-ray phase analysis has shown, that 
independently of activating agent SiC conserves 
thermodynamic stability in Si3N4-—SiC 
composition, does not form new compounds and 
solid solutions. 

Therefore the formations in silicon nitride matrix 
is governed by identical regularities as occur in 
dielectric materials Si3N4—MgO and Si3N4— 
A1203. 

Thus, the use of MgO as activating agent under 
hot pressing makes possible Si.,N4—SiC 
compositions without essential change of phase 
composition and with high values of density. 
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INVESTIGATION OF THE INTERACTION IN THE Cu-Mg-C SYSTEM 
UNDER HIGH PRESSURE AND TEMPERATURE 

Turkevich V.Z., Kulik O.G., Osipov A.S., Garan A.G. 
Bakul Institute for Superhard Materials of the National Academy of Sciences of Ukraine, Kiev, 

Ukraine 

Phase diagrams of the Cu-Mg-C ternary system and 
involved binary systems under atmospheric and high 
pressure are unknown. Experiments on spontaneous 
diamond crystallization have not been carried out 
yet, while the peculiarities of diamond growth on 
seed crystals in the Cu-Mg-C system have been 
already studied [1]. It has been found that at 6GPa 
and 1550 °C, diamond crystals grow intensively on 
seeds. The most perfect crystals were obtained when 
Cu-Mg alloys contained 40-50 at.% Mg. 

In this paper we present the results of our studies on 
the phase composition and structure of the samples 
produced at 7.7 GPa between 1220 and 1850°C, the 
holding time being 100 s. The sample compositions 
are 30 Cu. 
(all at.%). 

15 Mg, 55 Cgr and 15 Cu, 30 Mg, 55 Cp. 

10mm 

Fig. 1. Thoroid-type HPA cell: 1-molibdenum plate, 
2-pyrophilite disc, 3-graphite heater, 4- 
graphite disc, 5-Al203 shield, 6-experimental 
Cu-Mg-C mixture. 

The samples were made using a toroid-type high- 
pressure apparatus (HPA) with a 20-mm-in-diameter 
recess. The experimental assembly is shown in Fig. 

1. Temperatures were estimated using a Pt/Pt- 
10%Rh thermocouple without regard for the pressure 
effect on the thermoelectromotive force. The HPA 
was pressure graduated from polymorphic 
transformations of bismuth Bi I-II (2.54 GPa), Bi VI- 
VII (7.71 GPa) and lead selenide PbSe I-II (4.23 
GPa) at 20 °C. 

Alloys containing 66.7 at.% Cu, 33.4 at.% Mg and 
33.4 at.% Cu, '66.7 at.% Mg were preliminary 
produced at 4 GPa and 1600 °C. Then alloys were 
crushed into powder, mixed with 55 at.% graphite 
and the mixture was placed into the HP cell (Fig. I). 

The phase composition and structure of samples 
were studied by scanning electron microscopy, X-ray 
diffraction and microstructure analyses. 

The structure of alloys containing 30 at.% Cu, 15 
at.% Mg produced at 7.7 GPa and 1220-1610 °C are 
shown in Figs. 2, 3. It is seen that coarse grains of 
the Cu2Mg intermetallide prevail in these alloys. 
There are inclusions of graphite and carbide phases 
of small sizes. With increasing temperature the 
differentiation between individual phase constituents 
is clearer. 

;'*^i^v^**  >"W ■ 

Fig. 2. SEM-micrograph of alloy obtained at 1220°C 
and 7.7 GPa, (360x). 
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At 

Fig. 3. Microstructure of alloy obtained at 
and 7.7 GPa, metallography (500x). 

I610°C 

CuMgi phase and carbide MgC form in the samples 
containing 15 at.% Cu, 30 at.% Mg and prepared at 
7.7 GPa and 1220-1610°C (Figs. 4-6). The formation 
of MgC carbide agrees with the data reported in [2]. 
Also, more eutectic is observed as compared with 
that in samples containing 30 at.% Cu, 15 at.% Mg. 

Fig. 4. Microstructure of alloy obtained at 1220°C 
and 7.7 GPa, (200x). 

The region of diamond-liquid stable equilibria under 
the p.T conditions being studied was not reached. 

Our findings have allowed us to predict the melting 
diagram of the Cu-Mg-C system under atmospheric 
and high pressures, which should be characterized by 
the nonvariant four-phase eutectic equilibrium with 
participation of carbon. 

Fig. 5. Microstructure of alloy obtained at 1430°C 
and 7.7 GPa, (200x). 

Fig. 6. Microstructure of alloy obtained at 1850°C 
and 7.7 GPa, (200x). 
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SHORT-SAMPLE MODELING OF STRESS EFFECTS IN 
SUPERCONDUCTING COMPOSITES 

KISLYAKL, DOTSENKO V.(1), TIKHONOVSKY M.(2), SHKILKO A.(3), ZAGORUIKO L.(3) 
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Introduction: Design and functioning of contem- 
porary powerful superconducting systems involve 
tremendous mechanical stresses. So, changes of the 
composites characteristics under the conditions (or 
mechanical stresses effects on critical parameters of 
superconductors) still remain an urgent scientific and 
technological problem because they can be signifi- 
cant and are to be taken into account. 

The major part of relevant research deals with 
tension and bending effects on the critical current 
density jc and the upper critical field Hc2- Studies of 
the critical temperature Tc changes under mechanical 
loads are less numerous, and only in some instances 
loads other than listed, e.g. transverse compression, 
were used. Therefore, we carried out investigations 
of the effects of both uniaxial tensile and transverse 
compressive stresses on critical parameters of a num- 
ber of superconducting composites. 

Materials: 1) Cu-Nb in situ composite wires that 
are of growing interest in virtue of unique combina- 
tion of their high strength and high normal electrical 
conductivity combined with their superconductivity 
[1,2]; 2)Cu-NbTi and bronze-M^Sn commercial 
composites. Two sets of multifilamentary composites 
Cu-Nb prepared in situ from the initial alloy Cu-40 
wt% Nb were investigated [3]. They differed in their 
final diameters dj and true strain 5=ln(di 2/i22)> used 

as the measure of deformation at the final stage of 
wire production. 
Experimental technique: two sets of experiments 
were carried out: a) uniaxial tension (cr,s) vs. resis- 
tive critical field (Hx ) study of Cu-Nb in situ com- 
posites (a-studies); b) uniaxial tension and uniaxial 
transverse compression (<?,e) vs. critical temperature 
(Tc ) studies of all the three types of composites (b- 
studies). Resistive measurements in the both sets of 
studies were carried out using 4-probe scheme. Volt- 
age drop U across the potential leads on a sample test 
section was applied to the Y-input of a plotter. Then, 
for a-studies, composite samples were mounted at the 
axis of a superconducting solenoid and subjected to 
tensile load. Signal proportional to the solenoid cur- 

rent and, hence, to generated magnetic field, was ap- 
plied to the X-input of the plotter. Gradual or step- 
like feeding of the solenoid caused transition of a 
sample from superconducting to normal state (and 
back), and the transition curve was registered by the 
plotter. Value of resistive critical field Hr was deter- 
mined at the middle point of the transition curve. 
These measurements were carried out in liquid he- 
lium at 4.2 K for both the initial and loaded states of 
a sample. 

For b-studies, under uniaxial tension, samples 
were placed inside an electrical heater wound on 
copper tube, the whole assembly being installed then 
into two-wall dewar that separated the assembly from 
liquid helium environment. Temperature sensor was 
mounted in the middle of a sample test section in 
good thennal contact with it, and signal from the sen- 
sor was applied to the X-input of the plotter. The 
middle point of a superconducting transition curve 
was adopted as a sample critical temperature Tcm . 
For uniaxial transverse compression studies, a section 
of a composite under investigation with soldered po- 
tential leads was placed between compressing sur- 
faces. Space between potential leads was less than 
the compressed section to eliminate edge effects. Ad- 
ditional precautions to make experimental environ- 
ment more isothermal were undertaken. Other details 
of the experimental procedure were similar to those 
for uniaxial tension studies. 

Results and discussion: a-studies produced the 
following results for Cu-Nb in situ composites: 

1. Hx increases gradually from HXQ ~ 12.3 kOe to 
Hx max «16.8 kOe as the composite uniform defor- 
mation proceeds, that is for stress a increasing from 0 
to 1.6 GPa. So, the initial Hx value absolute increase 

is AHT max ~ 4.5 kOe and the relative one (hx =HT 

/HTQ ) is Shx max * 37%, the average derivative dHx 

Ida- 2.8 Oe/MPa (280 Oe/kbar); 
2. Superconducting-to-normal state transition 

width AH increases also from the initial value AHQ » 

3 kOe to A//max « 4.8 kOe at cr=1.6 Gpa. 
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3. hr irreversible increase due to plastic strain of 
the sample, after the initial loading to <r=1.6 Gpa 
followed by unloading, is 5hr m « 12%. 

4. Dependence for the relative critical field vs. 
stress <S7jr (a) under cyclic loading is similar to that 
for the stress-strain curve o(e), which, as shown by 
our earlier studies [4], is of hysteretic character. De- 
pendence for the relative critical field vs. total strain 
5hx Ot ) is single-valued under these conditions for 
the region of the composite uniform loading. 

To account for Hx changes under mechanical 
loads, consider relation between the upper critical 
field Hc2 and the thermodynamic critical field Hc, 

//c2= V2K//C,(1) 
where K is Ginzburg-Landau parameter. It follows 
from Equation (l) that, in principle, either Kor Hc (or 
both) increase can account for Hc2 increase. As con- 
cerns //rfj (8) dependence, here, no doubt, an impor- 
tant role is played by K. According to Gor'kov- 
Goodman formula, 

Ar=/f0 + 7.5»103^2pn>(2) 
where KQ is the parameter of an initial material, y is 
Sommerfeld constant, /% is a material specific elec- 
trical resistivity in the normal state. An in situ com- 
posite preparation process involves very high plastic 
deformations resulting in formation and storage of 
dramatic number of strain defects. These factors re- 
duce significantly the electron mean free path and, 
therefore, increase p^ As our results evidence, nio- 
bium filaments real defect structure is characterized 
by the "knife-like" boundaries between relatively 
dislocation-free regions of the material [5]. This 
brings to very high dislocation densities and internal 
stress levels in the boundaries and, therefore, to sub- 
stantial increase of local Kand Hc values and, finally, 
to Hc2 increase. 

Our experimental results demonstrate that tech- 
nologically formed dislocation structures of in situ 
composites favour significant rise of the resistive 
critical field Hx and its mechanical load sensitivity. 
Analysis of our data shows that Ginzburg-Landau pa- 
rameter K and the thermodynamic critical field Hc of 
niobium filaments are the most probable causes of 
both HT (and Hc2) value increase and its load sensi- 
tivity dHx /da (or dHx /de t ) rise. Ginzburg-Landau 
parameter K changes, resulting from Cu-Nb in situ 
composites preparation technology, bring to H^ in- 
crease and //ro(<S) dependence, and relationship be- 
tween Hc and a results in the observed Hr (a) de- 
pendence. 

b-studies resulted in the following findings: 

In situ Cu-Nb composites: Tcm under uniaxial 
tensile stress behaves itself qualitatively similar to the 
composite resistive critical field HT : the dependence 
on stress, Tcm (a), is of hysteretic character, while 
that on total strain, Tcm (e t), is uniquely determined. 
The latter result indicates a universal dependence of 
Tcm on stress a applied to niobium filaments. The 
average derivative dTcm Ida = 4«10~4 K/MPa for 
the Cu-Nb composite (as well as its dHr Ida) ex- 
ceeds respective value for pure Nb about an order of 
magnitude. Again, the real dislocation structure of the 
composite (particularly, very high dislocation density 
at the "knife-like" boundaries) may be responsible 
for so high dTcm /dervalues. 
Uniaxial compression of the composite, similarly to 
tension, results in Tcm increase, the effect being of a 
threshold character. 

Composite Cu-NbTi: Its Tcm (a) and Tcm (e t) de- 
pendences under uniaxial tensile stress are similar to 
those of Cu-Nb, but have the contrary sign. The most 
probable physical mechanism of Tc decrease in this 
composite under a load is strain induced martensitic 
transformation in NbTi. 

Uniaxial compression produces no measurable ef- 
fect on the composite Tc . 
Composite bronze-Nbj_Sn: both uniaxial tension and 
compression of the composite result in its Tc de- 
crease. As well as in the case of Cu-Nb composite, 
the observed effect under uniaxial compression is of 
a threshold character. 

These results, along with our and reference evi- 
dence on excellent combination of high mechanical 
and electrical properties of Cu-Nb in situ composites, 
prove them to be promising for use in specific super- 
conducting devices and circuits. 
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BEHAVIOUR FEATURES OF QUARTZ CERAMICS WHEN CONTACTING 
WITH ALKANOTROPHIC RHODOCOCCI 

Antsiferov V.N., Ivshina LB.(1), Porozova S.E., Ritchkova M.I.(1) 

Research Powder Material Center, Perm, Russia 
(1)Institute Ecology and Genetics of Microorganisms, Ural Branch, Russian Academy of Sciences, Perm, 

Russia 

Alkanotrophic rhodococci is one of the 
most biotechnologically prospective bacteria 
groups being developed in microbiology. This 
increased interest is caused by their functional 
variety and intrinsic complex of metabolic 
properties to survive in extreme living 
circumstances. Exclusive plasticity and high 
adaptability of rhodococci, non-specific action of 
ferments synthesized by them, ability to attack the 
diversified components of environment provide a 
high survival rate of rhodococci and, as a rule, 
their leading position under extreme conditions of 
external environment [1]. 

Data concerning influence of 
microorganisms on composite ceramic materials 
are practically not present. Nevertheless, it is 
known that more than 50 % of all corrosion 
damages of inorganic materials is connected with 
activity of various groups of microorganisms. In 
most cases they promote creation of aggressive 
environments due to accumulation of metabolism 
products, in which the corrosion processes are 
accelerated. 

When solving the problem of ceramics 
reliability, that is ability to operate in adverse 
conditions for many years, many factors are 
required to be considered in detail, and among 
them not the least important is the microbial cells 
interaction with ceramic materials. The issue of 
microorganisms influence only on natural 
minerals, used as raw material for manufacture of 
ceramics, has been most fully investigated [2]. 

Ceramic materials with a high porosity are 
of interest as biocatalyst carriers in organic 
synthesis or bioagents for cleaning an environment 
[3, 4]. Efficiency of their operation in this case is 
directly connected with the problem of 
microorganisms and ceramics interaction. In 
earlier studies of bacteriological resistance of high- 
porosity aluminosilicate materials [5, 6] it was 
experimentally shown that rhodococci intensify not 
only destruction processes of ceramic material, but 
also epitaxial processes accompanied with samples 
mass and strength increase. The determination of 
phase composition of products precipitation is a 
quite difficult task,  as it concerns the surface 

phenomena in thin ceramic  films  of irregular 
shape. 

As objects for investigation of influence of 
rhodococci alkanotrophic cells and /or their life 
products on destruction processes and phases 
formation in aluminosilicate ceramic materials, a 
line of various composition materials, including 
quartz ceramics, were considered. The quartz 
ceramics, produced by sintering the amorphous 
silica or quartz glass breakage at temperatures 
lower than melting temperature, differs from the 
overwhelming majority of ceramic materials by the 
absence of crystal phase [7]. The dual nature of a 
quartz glass surface containing silanol and siloxane 
groups, i.e. simultaneously hydrophilic and 
hydrophobic microsites [8], relates to prospective 
features of quartz ceramics. 

In this work a pure culture of R. ruber 
IEGM 231 rhodococci received from Regional 
profiled collection of Alkanotrophic 
microorganisms of Institute Ecology and Genetics 
of Microorganisms Ural Branch of Russian 
Academy of Sciences was applied [9]. 
Bacteriological resistance of high porosity quartz 
ceramics was tested by feeding the test samples 
into mineral environment containing 0.003 % 
acrylamide as a carbon source and 4.0" 10 
rhodococci cells / ml concentration. Into a 
reference sample, the bacterial suspension was not 
entered. X-ray structure phase analysis was 
performed with DRON-3M diffractometer in a 
cobalt radiation with application of ß-filter. 
Infrared spectra were recorded with IFS-66 Fourier 
spectrometer (Bruker, Germany). The received 
spectra were transformed to a zero base line. 

The quartz ceramics produced by sintering 
of a quartz glass is considered as an amorphous 
material crystallized at temperatures more than 
1000 °C with formation of crystallite. 
Nevertheless, infrared spectra of an initial material 
have alongside with halo a doublet typical for a - 
quartz in the 780 cm"1 region. When surveying by 
points, the quartz relicts can also be selected on 
diffractogram (fig. 1). 

After holding for 1 week in control 
conditions,    quartz    relicts     disappeared    and 
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amorphization of the material occured. The 
holding in culture environment promoted a 
crystallization of quartz ceramics marked on 
infrared spectra by increase of absorption intensity 
in the region of 1000-1200 cm"1 being a typical 
area of absorption for the condensed groups 
[-Si04], and, also, on diffractograms. 

Z5. ooo — "33. m ' 
Fig. 1. A diffractogram fragment of an initial sample of 
quartz ceramics. 

To perform an exact identification of 
crystallized compounds for such short holding 
periods is difficult. Longer exposures will allow to 
determine which silica crystal shapes are newly 
formed and whether the quartz remains as relict in 
an initial material. 

The mass losses of quartz ceramics in the 
reference and test specimens are practically 
identical (0.37±0,04 % and 0.40±0,06 % 
correspondingly). Strength of high-porosity 
materials in general, and, in particular, quartz 
ceramics, strongly depends on material density. 
When density is reduced there is an essential 
decrease of strength characteristics, less 
appreciable for crystal materials such as corundum 
or cordierite, and very sharp for amorphous 
materials. In this connection, it is most correct to 
appreciate the change of strength at compression 
not by average values, but by the strength curve at 
compression vs. apparent density of material. Such 
plots are given in a fig. 2. 

o-.MPa 
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0.40 0.50 0.60 0.70 
p, g/cm3 

Fig. 2. Dependence of strength on density: 1 - initial 
material; 2 - referenced - test. 

Amorphization   of  material   marked   in 
reference  conditions   is  not  accompanied  with 

change of its strength. The plots 1 and 2 practically 
coincide. When holding in culture environment 
there is a strength decrease of quartz ceramics (plot 
3). It is necessary to note that the crystallization of 
quartz ceramics at high temperatures is also 
accompanied with reduction of material strength 
down to destruction. So, even at the treatment for 1 
week the difference of material behaviour under 
reference and test conditions can be recorded. 
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EFFECT OF HARDENING ON INTERNAL FRICTION IN Ti-ALLOY 

Konstantinova T.E., Rvumshina T.A.(1), Nosolev I.K., Pilipenko N.P. 

Donetsk Physicist-Technical Institute NAS of Ukraine, Donetsk, Ukraine 
(1)Donetsk National Technical University, Donetsk, Ukraine 

Internal friction is one of methods for investigation 
of structure and properties in materials. Importance 
of this method consists in its non-distractive action. 
The effect of mechanical and heat treatment on the 
properties of titanic allow VT22 was investigated 
by studying of temperature dependence of internal 
friction. 

The Ti-allow VT22 used in this study contained 
the followed impurities (%): 5 Al, 5 Mo, 5V, lCr, 
lFe. The alloy had two-phase and temperature of 
phase transition a + ß ->ß in interval was 840- 
870°C. The cylindrical-shaped samples 3.2 mm in 
diameter and 24-35 mm in length, depended on the 
temperature of hardening, were annealed at 600- 
1200°C for 1 h and water cooled to 20°C. Part of 
samples was hardened in vacuum quartz ampoules. 
After hardening samples were hydroextruded and 
uniaxial strain deformed before 10%. Ultrasound 
absorption within temperature interval 80-300 K 
was measured by method of component 
piezoelectric vibrator, agitating in sample 
longitudinal oscillations on frequency 73 kHz. 

The maximum of internal friction is discovered at 
145-160K as a result of measurements. The 
location of maximum depends on hardening* 
temperature. Increase the hardening temperature 
from 600 before 900°C cause a change of 
temperature of maximum from 145 to 160K, at that 
the value of logarithmic decrement 5(1^) changes 
almost by order of magnitude greater (fig.l). 
Further mechanical deforming practically does not 
influent on location of maximum. There is small 
increase of the damping at 200 - 300 K only. 

It is known that the ultrasound absorption in 
material is connected with energy dissipation as 
consequence of viscosity and thermal conductivity. 
Since study of internal friction was conducted 
under comparatively low temperature, we suppose 
that warm-up contribution is small and the main 
contribution to damping was due to the absorption 
of impulse on the defect structure of material. The 
value of energy of activation, calculated on Marx- 
Verts equation, points to grain boundary nature. In 
all probability the formation of damping maximum 
is connected with a growth and relaxation of the 
boundary    micro    stresses    when    temperature 

decreased. Really, the temperature decrease causes 
a misfit deformation on the phase boundary which 
is conditioned by difference of elastics modulus 
and thermal expansion factor, as well as their 
different anisotropy. 

Hardened from the temperature 600-900°C from a 
+ ß - state alloy VT22 consists ß-phase (BCS- 
lattice) and a certain amounts a-phases (HCP- 
lattice). Lattice parameters of phases and their 
elastic modules essentially differ from each other, 
and the factor of anisotropy for a-phase is A = 
1.33, for and for ß-phase 0.96. When the hardening 
temperature increases from 600°C to 900°C, the 
amount of ß-phase increases from 20 to 90%. The 
growth of ß-phase separations is accompanied by 
increasing of phase boundaries amount, theirs total 
extent and volume share, residing under influence 
this boundaries too. This growth of boundary is 
revealed as increasing of the damping on the 
function 5(T), (fig. 1). 

50 
T,K 

Fig.l. Relaxation spectrum of low thermal 
internal friction after different temperature of 
hardening ■ - 800°C, A - 700°C, • - 600°C 
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The additional boundary stresses induced by misfit 
deformation on the phase boundary at temperature 
decrease have been valued on equation in the limit 
of elastic theory: 

.        da.ldn ^ 
da, =   ,„ k    ,.,., T 

S(D +    (2) (1) 

where dot is additional thermal misfit stresses, T is 

temperature, s^HJ^'-are modules of flexibility 

for a- and ß-phase, which are inverse to modules 

of elasticity, dajdn is a change of thermal 

expansion coefficient on the phase boundary. 

Estimations ed on formula (1) show that value of 
thermal misfit stresses is approximate 0.2 MPa/K. 
These stresses reach 20-40 MPa when the 
temperature decreases on 100 - 200°K. They can 
relax by means forming the new defects. In our 
allows the relaxation is realized on martensite. 
Formed in samples the new structure changes the 
material characteristics 

The Value of Young's modulus was calculated on 
experimental results by means of equation: 

C = 1 
2    2   2 \ 

4/2 (2) 

where C is velocity of sound in material, p is the 
material density, v is Poisson's coefficient, r, I are 
the radius and length of sample. Magnitudes of 
Young's module as function of hardening 
temperature and under different conditions shown 
on the fig.2. 

The decrease of Young's module was observed in 
interval of hardening temperature 600-900 °C, but 
module much increased from the temperature 
above 900 °C in water-hardening samples in 
contrast with samples, which were hardened in 
vacuum ampoules. The decrease of Young's 
module at hardened from 900°C was obtained 
earlier and one was explained by increase of the 
volume share of less packed metastable BCS- 
phase. 

However, observed in given work the increase of 
module beside 35% is an enough big to its possible 
was explain change of phase from HCP- to BCS- 
structure, which gives the contribution to module 
not more than 10%. 

900       1000      1100 

T,°C 

Fig.2 . Hardening temperature dependence 
Young's module in vacuum (•) and in water(A). 

In our opinion, stabilizing elements, in particular 
hydrogen, enrich ß-phase and cause the observed 
increase of Young's module. It is known that 
hydrogen solubility in ß - phase greatly above, than 
in a- phase, but essential absorption hydrogen 
occurs under the temperature above 850 - 960°C 
under gas heating. Consequently, titanium alloy in 
ß-state absorbs hydrogen intensive and the 
hydrogen concentration is increases with the 
growth of hardening temperature in this conditions. 

Data of mechanical test on strain are evidence of 
essential decrease of plasticity within the 
temperature interval that points to increase 
hydrogen concentration in ß - phase too. Elastic 
module almost didn't change in exposed' to 
hardening in vacuum quartz ampoules samples.. 
Thus obtained results allow to expect that 
hydrogen influences upon elastic modules and 
properties of titanium alloy VT22. 
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ABOUT NANOSIZABLE STRUCTURES UNDER THE ELECTROPLAS- 
TIC DEFORMATION 

Petrunia V.A., Tzellermaer V.Ya., Gromov V.E. 
Siberian state university of industry, Novokuznetsk, Russia 

The synergetic ideology of the laving of the plas- 
tic deformation by large scale displacements of 
the medium for the calculation of theoretical and 
experimental micro- and macroparameters of the 
medium. Microparameters are connected with 
physical phenomena on atomic and defect (dislo- 
cated) levels, and macroparameters - with grain 
and pore (sometimes cracks as for the fatigue) 
ones. 

Physical phenomena, realized under the elec- 
trostimulated drawing and the fatigue are similiar, 
especially on the meselevel (slaving of fixed dis- 
location by mobily ones, the critical degree of the 
plastic deformation). It is expressed in the trans- 
formation of large scale displacements from the 
grains level to the microcracks level on the lan- 
guage of physical quantities, used in [1]. This 
transformation from the one scale to another one 
(grain to crack) can be connected with the realiza- 
tion of the phase transition with the physical 
quantity (the order parameter [1] ) - nonequilib- 
rium displacements. But such growthing of the 
space scale is nonadequate to the kinetic phase 
transition and have the character of the scaling, 
that is typical for usual (equilibrium) phase tran- 
sitions. So the transition from the one level to an- 
other one possible can be explained by not details 
of the dislocation ansamble reconstruction and its 
selforganization with the growth of the plastic 
deformation degree [1] (because of the pure ex- 
perimental information), but space peculiarities of 
the plastic deformation evolution. Thesepeculiari- 
ties of the plastic deformation can be result of the 
another scheme of the cooperative evolution of 
meso- (defects, fragments [1] ) and macrodefor- 
mation (grains, macrocracks, pores, etc [1]). 

The result of the universality and the scaling [1,2] 
is, for exemple, the formation of the nanosizable 
structure of second phase particles (Fe3C) on the 
fragments boundaries [2]. This formation is con- 
nected with mobili dislocations. Dislocations of 
the grain boundary (dislocations walls - small 
angle biundaries) possibly are characterized by the 
universality and the scaling too. The experimental 
visialization of the scaling under conditions of the 
nonequlibirium transition is discussed in [2]. Cal- 
culations of related mesoscopic characteristics of 
the dislocation ansamble and the deformed me- 
dium (^ - the con-elation length etc) are realized in 
[2]. 

Many experimental results about the electroplastic 
deformation are very good correlated with expres- 
sion for electron wind stresses a = (rrroF/e)j, used 
by us in [1], where m - the electron mass, uF - the 
electron velocity on the Fermi surface, e - the 
electron charge, j - the electrical current density. 

» 
So, the growth of own stresses of mobile disloca- 
tions (determined by the electron wind) is the 
source of nanosizable structures in the material. 
1. V.A.Petrunin, V.V.Kovalenko, 

S.V.Konovalov, V.E.Gromov, O.V.Sosnin // 
Izv.vuzov. Tcheurnaya metallurgia.- 2000.- Ne 
12.-P.46-50. 

2. V.A.Petrunin, V.Ya.Tsellermaer, 
V.E.Gromov // IY international school- 
seminar "Evolution of the defects structures in 
condenced media" (Brief reports, 2-7 Septem- 
ber, 1998), AltGTU, Barnaul, Russia, 
ed.M.D.Staros-tenkov,- p.50. 
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ALUMINUM ALLOYS HARDENING BASED ON PHASE TRANSFORMA 
TIONS OF PERITECTIC TYPE 

Zinkovsky G., Spiridonova I.. Litvin B. 
Dnipropetrovs'k National University 

It was shown in [1] that while annealing be- 
low the temperatures of a solidus in binary Al- 
Mn, Al-Cr, Al-V, AI-Mo systems during the 
completion of unfinished peritectic transforma- 
tions a microhardness of a solid solution of alu- 
minum increases and its lattice parameter 
changes. Subsequently, the effect of supersatura- 
tion of an aluminum-based solid solution with 
transition elements was observed in the same 
conditions and for ternary Al-Cu- (Mn, Cr, V, W, 
Mo) alloys[2]. Besides, in this work, the increase 
of microstresses in the solid solution was fixed as 
a result of peritectic transformation due to a dif- 
ference in specific volumes of the phases. 

In this abstract, the attempt is taken to utilize 
the found phenomena of the improvement of a 
strength of high- alloyed aluminum alloys using an 
example of ternary Al-Cu- (Mn, Cr, V, W, Mo) 
systems. 

The alloys were melted using pure aluminum 
of AB000 grade, double rich alloys, and electro- 
lytic copper in graphite crucibles. Melt was poured 
at temperatures from 1073 to-1173 K. 

Strength tests were carried out using speci- 
mens obtained as follows. .The casting 30 by 30 
mm in cross section and from 240 to-250 mm in 
length was cut in 4 pieces along longitudinal- di- 
rection. The bars had been subject to the heat 
treatment, then three test samples t were fabri- 
cated. Heat treatment was carried out in a retort 
furnace in a massive metal box. with temperature 
accuracy of 5 K. An artificial aging of alloys was 
carried out at a temperature of 453 K. The me- 
chanical tests were implemented on small five- 
multiple samples made to TOCT 1497 (d0=5mm, 10 

=25 mm), using "Ll,HM-2.5t"machine. 
Five alloys (their percentage compositions by 

weight are specified in Table) were prepared for 
exploration of influence of heat treatment on me- 
chanical characteristics. A first stage of heat treat- 
ment shouid be a homogenizing annealing (Hom)at 
temperatures below the melting point of an eutec- 
tic. A consequent high-temperature annealing 
(HTA) and age-hardening (AH) should increase 
alloy properties. For comparison, one more group 
of samples - homogenized and aged was produced. 
The AH, in this case, was preceded by hardening 
heat up to temperature of the HTA. 

The microstructure analysis has shown that in the 
initial condition (IC) the cast alloys consist of a 
supersaturated solid solution, an Al-AI2Cu eutec- 
tic, being situated along the boundaries of grains, 
and dispersible aluminides, namely: Al4Mn, 
Al5Mo, AI3V, AI4W, Al-Cr - depending on alloy- 
ing elements. The first stage of heat treatment - 
homogenizing annealing- leads to the dissolution 
of the Al2Cuphase, and on the microsection only 
the traces of the varnished eutectic are visible. In 
Al-Mn-Cu, Al-V-Cu systems after homogenizing 
annealing substantially phase transformations 
AI4Mn->AI6Mn+Cu2Mn3A120 and Al3V->AlnV 
proceeds. In Al-W-Cu system the beginning of 
transformation A1,,W->A112W is observed. To de- 
termine the highest possible temperature of the 
HTA, the differential thermal analysis was carried 
out for homogenized samples. The results are pre- 
sented in the Table 

Table 
Results of differential thermal analysis 

Temperature, K 

Eutec- 
tic 

a solid so- 
lution 

AlxMe- 
AlvMe 

N Composi- 
tion 
% by weight 

cooling heating cooling heating 

1 Al+4%Mn- 
2,5%Cu 

821- 
819 

918- 
993 

_ 985 

2 Al+5%Mo- 
2.5%Cu 

821 888- 
938 

985 

3 A1+2.5%V- 
2.5%Cu 

893- 
933 

945- 
933 

998-1005 

4 A1+3%W- 
3%Cu 

823 887- 
927 

923- 
928 

5 AI+3%Cr- 
2.5%Cu 

821 878- 
933 

933- 
923 

1008 

Temperature from 873 to 878 K was selected 
for HTA. The time of the HTA calculated using 
kinetic curves of transformations, was determined 
as follows: Al-Mn-Cu system - 10 hours; AI-W- 
Cu, Al-Mo-Cu, Al-Cr-Cu, Al-V-Cu systems - 20 
hours. The microstructure investigations after the 
HTA have shown that in alloys containing W, Mo. 
Mn the phase transformations have completed in 
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full: A14W transformed into Al^W; AI4M0, AI5M0 
- in Al12Mo and Al4 Mn - in Al6Mn, and the ternary 
phase; A13V in A16V. In Al-Cu-Cr alloys any traces 
of transformations were not detected. It is ex- 
plained that the system contains only phase Al7Cr 
out of aluminides of chrome that appears not due 
to peritectic transformation, and is stable in the 
pointed out temperature range. 
Results of mechanical tests are presented by an 
average value of a ultimate strength, yield stress, as 
well as an average of two highest values, to elimi- 
nate the influence of numerous defects, such as: 
nonmetallic, pockholes, etc. (Fig. 1). In Al-Mn-Cu 
system the mechanical characteristics of an alloy 
after the HTA, were improved by 18 %, in com- 
parison with an alloy after homogenizing anneal- 
ing. The same results are obtained for Al-5%Mo- 
2,5%Cu alloy. The strength of the alloy after the 
HTA and AH, is by 40 % higher than that of the 
initial alloy, and by 30 % higher than the strength 
of the alloy after homogenizing annealing with the 
following artificial aging. Alloy containing vana- 
dium after the HTA and AH, has the higher 
strength than the initial alloy by 67 %, and alloy 
after the HTA is harder- than homogenized one by 
80 %. The alloy containing tungsten after the HTA 
and artificial aging is characterized by the higher 
strength than the initial one by 34 % and by 22 % 
than homogenized and aged alloy The less im- 
provement of mechanical characteristics, by 28 %, 
is observed for Al-3%Cr-2,5%Cu alloy. The spe- 
cific elongation measured on samples after de- 
struction for alloys after the HTA and AH, in- 
creases by up to 6 or 7 % against approximately 3 
% for the initial alloys. As to a yield stress, it in- 
creases, in the same degree as strength. (Fig. 1) It 
means that with strength improving the plasticity 
of alloys also increases. 
Thus, the HTA improves mechanical characteris- 
tics of investigated alloys. The effect of supersatu- 
ration of a solid solution on a base of aluminum as 
a result of peritectic transformations allows to offer 
a perspective mode of heat treatment described 
above. The annealing at high temperatures allows 
to achieve the transformation of the intermetallic 
compounds with the high content of alloying ele- 
ments into less brittle phases containing more alu- 
minum with the less specific surface of the inter- 
faces. The diffusion processes eliminate the ma- 
jority of defects, and supersaturation of solid solu- 
tion of aluminum and increase of microstresses 
created in this phase promote hardening of the al- 
loy. It is possible to conclude that the more evident 
effect will be found if the content of transition 
elements in aluminum alloys increases while the 
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Fig. 1 Strength of alloys at different stages of heat 
treatment: a-Al-Mn-Cu; b-Al-V-Cu; c-Al-W-Cu. 

complex of alloying elements is added to the above 
alloys and special technologies are used that ensure 
high cooling rates of melts. 
1. BeHrpHHOBHH P.fl., ricapeB B.H. O <f)a30BMx npe- 
BpameHHHX B HepaBHOBecHO 3aKpHCTajiJiH30BaHHbix 
cnjiaBax//OMM.-1969.-T.29.-N3.-C.540-546 
2. 3HHKOBCKHH T.B., JIHTBHH B.H., CnnpHflOHOBa M.M. 
CBoftcTBa H TOHKaa cTpyKTypa TBepaoro pacTBopa 
amoMHHHa B cnnaBax aniOMHHHH c Me/ibio H nepexozi- 
HHMH MeTajiJiaMH. BicHHK flmnponeTpoBCbKoro ym- 
BepCHTeTy. <X>i3HKa. 1999.- Bun. 5.-C.39-45. 
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EFFECT OF LOW-ENERGY ELECTRON AND ION IRRADIATION ON 
THE COMPOSITION OF THE ZnS SINGLE CRYSTAL SURFACE 

Ivanvshvn I.M.. Mishchuk O.A.(1), Telemko O.V.(1) 

Vasyl Stefanyk Precarpathian University, Ivano-Frankivsk, Ukraine 
(1)UkrNDINP "MASMA", Kyiv, Ukraine 

The mechanisms of effect of electron and ion 
beams on a solid can be different. A bombardment 
energy influences essentially. In case of low- 
energy beam of ions of noble gases (with the 
energy of some kiloelectronvolts), it is known that 
the elastic interplay of beam ions and atoms of a 
solid surface is prevailing. At these energies the 
ions do not penetrate into solid deeply (1-3 
constants of crystal lattice). As the result, quasi- 
equilibrium and statistically monotonous 
sputtering of a surface takes place. 

On the other hand, the electronic irradiation of 
A2B6 surface induces desorption of the lattice 
elements. But preferentially, as known, it is the 
electron stimulated desorption of chalcogen 
atoms. It leads to distortion of stoichiometric 
surface composition and to generating of different 
non-equilibrium defects, which change properties 
of the semiconductor. 

As a whole, the processes, induced by low- 
energy electron bombardment are investigated 
unsufficiently. Specially it relates to 
semiconductors. The primary electrons penetrate 
into their surface layers much more deeply than 
ions. They fall to a space-charge region and 
change it. There is a gradient of non-equilibrium 
electric charge in surface layers. Its influence on 
diffusion processes is more essential in high 
bandgap semiconductors. 

In this paper the effect of electron- and ion- 
beam exposure on the transformation of the ZnS 
single crystal surface are studied. The surface of 
ZnS single crystal was previously passivated and 
thus specially protected by a chemisorption layer, 
for shadowing from oxidation and electron- 
stimulated desorption of lattice elements. 

The (110) surface of ZnS fee single crystal had 
been passivated during heat treatment in medium 
of surfactant. Crystalline surface has been 
irradiated by means of low-energy electron- and 
ion-beam (no more than 5 and 3neB respectively) 
in the ultra-high vacuum chamber and in situ 
studied by the methods of Auger electron 
spectroscopy and scanning electron microscopy. 
At such energies, the electrons are injecting in a 
space-charge region of the semiconductor. The 

ionization losses prevail. Electron beam density, 
dia 1 micron, was varied in range up to 100 
mA/mm2. 

Accordingly, the Ar+ ion beam density, dia 2 
mm, was varied in range up to 1 uA/mm2. At 
these parameters, ion sputtering of ZnS surface 
takes place. 

The relative atomic concentrations of elements 
estimated from Auger spectra of a surface 
according to the well-known equation: 

C, =(/,/&)/£/,/g,,(l) 

where C, - relative atomic concentrations of i-th 
element; /, - intensity of main spectral line of i-th 
element; g, - factor of relative sensitivity of i-th 
element; n - full number of elements. 

Intensities of spectrum lines of elements were 
also normalized to values of beam density. It has 
allowed to analyze not only relative atomic 
concentrations of elements in thin surface layer of 
ZnS (equation (1)), but also to evaluate, in relative 
units, change of spatial concentrations of these 
elements 

«/oc#,=///(J.g,)(2) 

and conforming concentrations of non-equilibrium 
vacancies, which were derived as a result of 
electron irradiation: 

»U.MeQC^1Me=^ZBio-JV2ll,(3) 

w«,.chK^.ch=#s.o-tfs.(4) 

where «,, nvMe and «UiCh - spatial concentrations of 
i-th element, vacancies of metal and chalcogen 
atoms in cationic and anionic sublattices of ZnS 
crystal accordingly; Nt - intensity of spectrum line 
of i-th element normalized to values of beam 
density J and the factors of relative sensitivity g,-; 
NZa and Ns - normalized intensities of Zn and S 
spectrum lines pursuant to an equation (2); iVZnio 
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and Ns_o - normalized intensities NZn and Ns for 
stoichiometric ZnS crystal. 

The Auger-analysis of the crystal surface has 
revealed a chemisorption layer of Carbon and full 
absence of oxygen. The relation of initial 
concentrations of basic elements was in good 
conformity with a stoichiometry of ZnS. 

Experimentally is affirmed, that the surface 
concentration of Carbon practically does depend 
neither on a dose, nor from radiation intensity. 
Therefore, the chemisorption layer precludes from 
processes of desorption. In this case, changes of 
surface concentrations of Zn and S ions are 
predominantly a result of diffusive exchange 
between the volume and the surface. 

Increase of density of electron probe leads to 
decrease of concentrations of sulfur, first of all, 
and zinc. A ratio of atomic concentrations 
(equation (1)) of sulfur and zinc for surface layer 
of the single crystal had been reduced essentially 
(Fig.l). 
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Figure 1. Effect of electron probe density 
on the ratio of atomic concentrations of 
sulfur Cs and zinc CZn. 

Fig. 1 displays: there is a critical value Jcr of the 
current density. After this value, the further 
increase of electron radiation intensity results in 
rapid restoring of initial concentration of S and to 
the same quick decreasing of concentration of Zn. 
As a result, a ratio of atomic concentrations of 
sulfur and zinc had been increased rapidly. 

At critical value of electron probe density J„, 
in accordingly with equations (2)-(4) the surface 
layer gains a structure: (Zn0,92^Meo,o8)(So,79^cho,2i)> 
where VUt and Va - vacancies of metal and 
chalcogen atoms accordingly. This structure of 
ZnS surface layer are characterized by a 
maximum concentration of vacancies in anionic 
sublattice (Fig.2). 

L 

■ 

"■ '■"■■■/ '-'^Z   ■ 
■r--fA   ■ 

. 'jfc-i-- v-i 
y .., i   • -w 

Jcr            J, mA/mm 

Figure 2. Effect of electron probe density 
on the concentrations of non-equilibrium 
vacancies: 1 - VMe (value of NuMe; equation 
(3)); 2 - Va (value of A^,Ch; equation (4)). 

Perhaps, the 21 % are the critical value of 
anionic vacancies which promotes the counter 
diffusions of zinc and sulfur atoms and the 
structural transformation of crystal surface layer. 
As a result of similar transformation, the surface 
layer gains a structure: (Zno^^Me o,2iSo,o2)S. This 
structure of ZnS surface layer has a new 
characteristics - a maximum concentration of 
vacancies (also 21 %) in cationic sublattice 
(Fig.2). 

Same transformation of structure of ZnS 
surface layer takes place for crystals without 
protecting chemisorption layer at simultaneous 
irradiation by Ar+ ions and electron beam with 
density exceeding critical (Fig.3). 
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Figure 3. Effect of Ar+ ion sputtering of 
(110) ZnS surface at various values of 
electron probe density (1 and 2 for J<JCT; 3 
and 4 for J>Ja; 5 for various J) on spatial 
concentrations of zinc (1, 3), sulfur (2, 4) 
and Carbon (5). 

The reviewed outcomes are discussed in the 
frames of the models of non-equilibrium space 
charge and crystal chemistry of atomic defects in 
A2B6. 
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POSSIBILITIES OF INDEPENDENT GASEOUS ATMOSPHERE IN 
STRUCTURAL ENGINEERING OF FUNCTIONAL MATERIALS 

LG.Slys 
Frantsevich Institute for Problems of Materials Science, 

National Academy of Sciences of Ukraine, Kyiv, Ukraine 

Sintering is the final thermal operation in the 
technological cycle of powder metallurgy. It is 
usually carried out in the protective gas flow or 
vacuum. 

Authors [1] were the first to use containers 
with a fusible seal (CFS) to sinter stainless steel 
powders in the independent gaseous atmosphere. 

The independent gaseous atmosphere pro- 
duced in CFS allows us to realize the growth of 
area for interparticle contacts according to evapo- 
ration and condensation mechanisms under (ideal) 
closed space conditions. As B.Y.Pines has shown 
[2], in this (ideal) closed space the growth of a 
neck diameter follows the dependence x7=t, and in 
the flowing medium (when the part of atoms is not 
condensed in the neck) author has obtained the 
dependence x3=t. Thus, sintering in the independ- 
ent gaseous atmosphere of CFS providing transfer 
processes through the gas phase leads to the in- 
crease in the rate of interparticle contact growth 
104 times as much. 

Relying on the fundamentally new techno- 
logical possibilities that provide sintering chro- 
mium based powder materials in the independent 
(isolated) gaseous atmosphere in CFS, we have 
formulated the principles for structural engineering 
to produce functional materials with the necessary 
level of physical and chemical properties. 

At the microlevel we have raised a problem of 
deep refining bcc-metaJ by interstitial impurities 
(oxygen, nitrogen, carbon) to provide the possibil- 
ity for plastic flow of material. 

At the mesolevel (the mesolevel means only 
intergram boundaries and the grain size) we have 
formulated a problem of refining intergrain 
boundaries to prevent intercrystallite destruction 
and blocking the process of crystallization. 

At the macrolevel (it means interparticle 
boundaries, particles, pores) we have put a prob- 
lem of providing the high level of consolidation of 
interparticle contacts and controlling the porous 
structure due to interaction between components of 
the active gaseous atmosphere. 

Relying on the formulated scientific principles 
of structural engineering, we have developed fun- 
damentally new technologies that integrate acti- 
vated sintering with refining the chromium matrix, 

grain boundaries, surfaces of particles and pores 
from interstitial impurities [3,4,5]. 

The developed technology has provided the 
possibility of producing the impact strong (impact 
strength 1 kgm/cm2) articles (16000 pieces) from 
powder chromium of the given nuclide purity. 
Those articles have been used to conduct the 
unique research to refine the nuclear constants of 
chromium [6] (Institute for nuclear energy in Ob- 
ninsk). 

The developed technology of the activated 
consolidation has been found especially resultative 
to produce functional materials showing the maxi- 
mum high porosity (90-95%). These materials are 
based on foam metals and knitted semifinished 
items. In this case intensification of material mass 
transfer through the gas phase provides not only 
the quality of interfiber contacts in such systems 
but also leads to the increase in material precipita- 
tion due to the chemical and thermal process. Joint 
proceeding above processes provides activated 
consolidation of high porous material structures 
and production of materials showing the high level 
of rigidity [7]. 
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MACROSCOPIC TURN OF SOLID CYLINDRICAL PARTICLE UNDER 
ELECTRIC CURRENT ACTION 

Derev'vanko O.V., Popov V.P., Raychenko O.I., Pavlenko T.P. 
I.M. Frantsevych Institute for Problems of Materials Science, 

National Ukrainian Academy of Sciences, Kyiv, Ukraine 

Introduction 
Some composition materials (CM) in its contain 
foreign inclusion variable forms. This is inclusions 
cylindrical, oval and other forms, rods, oblong 
grains, etc, which may be specially input into body 
of melting matrix. Usually electroconductive and 
physics properties for its inclusions are difference 
from electroconductive and physics properties of 
surrounding melting matrix. Usually inclusions are 
having more high temperature of melt. 
At making, thermo-treatment or exploitation CM 
for some case is need for understanding of picture 
and character of interaction between foreign 
inclusions and surrounding current-carrying 
medium, when under condition of direct current 
passing arising processes head- and mass-transfer. 
Investigation its processes to represent some 
practical interest, because of arising some effects: 
temperature gradients, thermo-clacking, electro- 
hydrodynamic flows, convective diffusion mass- 
transfer (dissolve of inclusion) for boundary solid 
- liquid media (melt matrix) [1,2]. 

Investigations 
A macroscopic motion - turn of cylindrical 
particles around axis up to 90° under passing direct 
electric current through heterogeneous composition 
system bronze BrlO (inclusions of cylindrical 
form) - tin (melting matrix) was observed. Scheme 
of experiment is shown in figure. 
The whole time of experiment was 120 s, current 
density through graphite matrix was about 80- 
120 A/cm2. 
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Figure. Scheme of experiments: 
a) beginning experiment stage; 
b) intermediate state and placement of 
cylindrical inclusion; 
c) final state and placement of inclusion 
after whole turn but before moment of 
whole dissolution; 
1- top and bottom current lead plates of 
press; 2- punches; 3- electroconductive 
matrix; 4- mark point; 5- inclusion (BrlO); 
6- surrounding current-carrying melting 
matrix (tin). 

The cylindrical inclusion at first dissolving on side 
surfaces at beginning of experiment (see Fig. b). 
After a while inclusion did a turn around axis up to 
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90 , how showed mark point on butt-end surface of 
inclusion (Fig. c). After time of 120 s and with 
increased of temperature in volume of composition 
cell to 550 °C bronze inclusion whole dissolved in 
surrounding liquid medium. 

Discussion 
The electrical contact between non-melting tin 
powder and bottom graphite punch is non-enough 
for good passing of electric current through 
powder at first of experiment. Because at first 
electrical current is passing in generally through 
body of graphite matrix. Powder of tin must to heat 
on out sides of surface pressing for this case. This 
leaded at arising of temperature gradient for 
direction from outside to center axis of backfilling. 
When tin is melted the cylindrical inclusion must 
to do dissolve process on its outside surfaces under 
thermo convection process action (Fig. b) [3]. 
Later electrical contact is enough for passing of 
electrical current through melted tin. The 
increasing of passing electrical current through 
heterogeneous system must to lead at turn of 
inclusion around axis. Electroconvection flows "at 
left" and "at right" from outside surface of 
cylindrical inclusion really is unequal, because its 
torques is unbalanced. This is an explanation of 
turn by this time oval inclusion around axis. 
The inclusion is oriented in liquid medium 
(melting tin) thus what bigger diameter of cross- 
section (for present time inclusion in cross-section 
is oval form) to have placement perpendicularly at 
direction of passing electrical current through 
composition cell. 
Because which bronze is more electroconductive, 
electrical current must to "collected" into inclusion 
body (Fig. b). Consequence of its increasing of 
value dissolution inclusion body on bottom and top 
zones of surface (in points of concentration 
electrical current) [3-5]. Latter process of 
dissolving must to do by thermo- and 
electroconvection mechanism. 
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Conclusion 
The present observation to can possibility sharply 
to explain details of behaviour dissolves foreign 
inclusions, what surrounding melted matrix under 
electric current action. Inclusions can to be 
reinforcing fibrous for matrix, rods, and oblong 
grains. 
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THE INVESTIGATION OF STABILITY OF COMPOSITE SCREENS ON THE 
BASIS OF ALUMINIUM TO EFFECT BY A LASER IMPULSE 

Maiboroda V.P., Revo S.L.,(1), Ivanenko K.O.(1), Molchanovskaya G.M., Shkolniy V K. 
LFranzevich Institute of Materials Sciense Problems of National Academy of Scienses of Ukraine, 

Kiev, Ukraine 
(1) T.Shevchenko Kiev National University of Ukraine, Kiev, Ukraine 

In the given activity the effect of a laser 
impulse of energy 20 J/cm2 was studied at duration 4 
m-s and wavelength l,06u on screens made of 
composite materials. The laser beam in a point of an 
occurring with a screen had an angle diameter of 0,5- 
0,6 mm (on an isoenergetic contour limiting 70-80 % 
of a beam energy). 

The screens represented sheets by depth of 
1 mm of the square form with the party of a square 
of 30 mm. In a radiation time they placed 
perpendicularly to beam. The cooling implemented 
at the expense of a natural air convection. The 
properties of screens from laminated composite 
materials (CM) Al-Sn and Al-C, from a solid 
aluminium, from a CM in a tinned layers of which 
one were contained quartz fibers (Al-Sn+Si02) and 
CM consisting of a laminated part Al-Sn+Si02, 
coated by pressed by quartz cotton (Al-Sn+Si02- 
Si02) are studied. 

Samples CM of Al-Sn were produced a 
compacting method of the package which has been 
compounded of foils of aluminium, interleaving with 
tin foils. The cold welding of layers implements at 
the compression of a package on an altitude h equal 
to Ah/h > 30 % at speed Ah/At > 10 mm/s. The edges 
of a package on perimeter usually contain lack of 
penetrations on spacing interval of 3-4 mm. They are 
shear. Then a package roll at a room temperature, the 
foil of desirable depth will not receive yet. 

A CM Al-Sn+Si02 was produced as 
follows. Layers of tin keeping the fibers of quartz, 
executed from two tin foils, between which one 
made of felt from quartz fibers. Then a package 
extruded with compression Ah/h=10-15%, hearted 
up to 200°C under pressure, maintained 5-7 min, 
chilled and again extruded at room temperature with 
compression Ah/h=25-30%. The fiber of a diameter 
1-3H were blasted on pieces of length 4-8 mm at cold 
pressing and rolling. 

The composite screens Al-Sn+Si02-Si02 

consist of a layer Al-Sn+Si02 and felted layer from 

quartz fibers applied on an aluminium layer without 
coupling. The depth of a felted layer was selected so 
that weight of 1 cm2 of felt equalled to weight of a 
quartz plate by the area of 1 cm2 and depth of 0,5 
mm. Therefore it is possible to consider, as in this 
case we deal with a pore-free screen with general 
depth of 1 mm. 

The screens Al-C are made by a packing of 
foils of Al, on which one the hydrocarbon black 
from a flame of a paraffinic suppository was 
previously marked. The coupling between in layers 
was gentle, therefore between them there were 
planar pores. The depth of a screen was selected so 
that its weight at the area of 1 cm2 equalled to weight 
of a pore-free screen from aluminium and graphite of 
the same structure. Usually depth of a screen 
oscillated within the limits of 1,2-1,3 mm, therefore 
porosity made 20-30% volumetric. 

The stability of a screen was determined by 
quantity of impulses indispensable for its 
breakdown. Between impulses the pause of 1 min for 
cooling of a screen by air was made. The results of 
tests are submitted in the table 1. 

The table 1. 

Screen A mean bed Quantity of 
depth, n punching 

impulses 

Al 1000 2-3 

Al-Sn 15 1 

Al-Sn 0,15 2-3 

Al-Sn 0,05 3-4 

Al-C 15 2-3 

Al-C 0,15 3-4 

Al-Sn+Si02 15 4-5 

Al-Sn+Si02-Si02 1             15 1        5-6 

At planing of experiments on shields it was 
supposed, that steady should be screens from the 
composite materials which have been compounded 
from interleaving fusible and high-melting (rather) 
layers. It was supposed, that the fusible layer (Sn, for 
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example) at effect of a laser beam will be fused and 
will exhale at the expense ofthat the energy will be 
occluded. 

So, in a fig. 1 rags of craters (finger A) are 
viewed clearly. They could be derivated at the 
expense of pressure of metallical vapors. There are 
interquartile vapours of aluminium and tin in 
identical concentration, wherefore both metals are to 
the same extent inclined to vapourization. So, the 
vapour pressure Al makes 10 mm Hg at 1148°C, and 
tin - at 1189°C. It is comparable digits. 
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Fig.2 

In a fig.2,a,b, the destruction of a package 
from thin (0,009 mm) foils of Al is shown. We sec, 
that edges of craters  lacerated,  that testifies  to 

explosive nature of destruction without a melting. As 
the energy occluded at a sublimation of a stuff, the is 
more, than more bond energy of a grating, and the 
destruction of screens from composite materials goes 
on the gear of explosion at the expense of formation 
a vapour without a melting of metal in bulk of iayer 
to plot screens it is necessary from stuffs with large 
coghesion. The melting heat, apparently, should be 
allowed not first of all. This conclusion is confirmed 
also by the table 1. So, in a CM Al-C at h=0,15u 
steadier, than CM Al-Sn at same h. 

In areas with smaller density of a beam 
energy, more remote from center, there is a melting. 

Fig.3 

So, in a fig.3 the molten zones of thick 
layers (0,1 mm) Al with radial arrangement of 
crystals which are generatrix after a crystallization of 
a molten layer are visible. Characteristic!)', that the 
ring-type zones look like ring-type surges, disjointed 
metal with a nonperturbed surface (finger A). 

On the basis of the conducted experiments it 
is possible to make following conclusions: 
1. With thinning-down of a layer the protective 
potency of screens from laser effect increases. 
2. Actuations, disseminating light, (quartz fibers in 
tinned layers the CM Al-Sn+SiOi) is significant (in 
2-3 times) augment stability of screens. 
3. With increase of refractoriness of layers (the 
replacement Sn on C in compositions on the 
aluminium basis) increases protective potency of 
screens. 
4. The arrangement of a quartz fiber before a 
metallical screen is the most perspective method of 
protection from a laser radiation. 
5. The investigated screens can be arranged in a 
number on increase of stability: Al, Al - C, Al - Sn, 
Al-Sn-Si02, Al-Sn+Si02-Si02. 
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STRUCTURAL CHANGES IN a CRYSTALLINE FILM OF Co AT 
HEATING 

Maiboroda V.P., Maksimova G.M., Molchanovskaya G.M. 
I.Franzevich Institute of Materials Sciense Problems of National Academy of Scienses of 

Ukraine, Kiev, Ukraine 

As is known, the cobalt at the temperature of 
422°C undergoes phase polymorphic transformation 
(HCP-FCC), and consequently introduces successful 
object for researches of the structural processes 
which are flowing past in metal at heating. The fdm 
was made from wrougth bar of a electrolyticaly 
refined cobalt of cleanliness 99,76 mas%, the main 
admixtures are Ni , Fe. 

The researches conducted in a electron 
microscope 3MB-100JI in vacuum ~2T0"3 Pa. 

As an initial structural condition for binding 
the place with reference frame, fig.l, a, was selected. 
The striate fragmentation is a consequent the casting 
blocks and conditions of preliminary machine work 
of a film before electrolytic thining are ductile. The 
electron diffraction pattern of metal, fig.Fb, contains 
jerks of highly-packed a-phases. 

Fig.l 

The instrument constant in the data 
conditions of filming makes 94 Arnim. Diameters of 
families of 3 maxima make 43, 63 and 87/90 mm. 
These parameters correspond to interplanar spacing 
intervals - 2,18; 1,49; and 1,06/1.04 Ä, fig.l, b, also 
coincide the tabular data for lines (100), (102) and 
(201)/(004). There are jerks also from other planes. 
The temperature in a zone of a sample was 
determined on a current pursuant to a calibration 
curve. The exposure before filming at the install 
temperature implemented within 5 minutes. At a 

sample temperature rise up to 400-410°C the visible 
changes in frame do not descend, however, on an 
electron diffraction pattern in the field of jerks (100) 
and (201) are watched pools, fig.2, which one testify 
to originating a flap-type fragmentation as a 
minimum in two directions. 

Fig.2 

Effect of a thing-plate fragmentation [1.2] as 
a rule, will precede to phase structural 
transformation and its availability demonstrates, that 
the cobalt is not exception of this rule. 

The rising up of a sample temperature up to 
600°C results in regulation of substructure, fig.3, a. 
However the recrystallization effects are exhibited is 
gentle. On an electron diffraction pattern, fig.3, b, 
the appeared new jerks of a FCC-lattice of ß-phases 
of cobalt are watched, according to diameter of rings 
45, 75 and 89 mm. These parameters correspond to 
interplanar spacing intervals 2.04; 1,25 and 1,06 Ä of 
lines (111), (220) and (311). Inside the maiden ring 
of the ß-phase are available jerks and of a-phase 
(100), and also jerk of a line (102) (at the left, at the 
top of an electron diffraction pattern). These data 
confirm that fact [3], that the polymorphic turning in 
a cobalt flows past in a temperature band, since 
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422°C. In case of a thin film this process does not 
finish and at 600°C, fig.3. b. 

The electron diffraction pattern from a 
sample at 755°C completely consists of lines of ß- 
phase, fig.4, accordingly (111). (220) and (311). The 
broadened ring of a line (111) and pools between dot 
jerks testify about finely divided, including slriate. 
the fragmentation of frame of a crystalline film in the 
result of a—>ß transformation. 

Fig.3 

Fig.4 

The essential changes are watched also in 
frame of a film. On a surface of a sample there arc 
oval, drifting zones, spearhead of a film as though 
melting. At cooling of a sample the processes cease, 
in a fig.5. a. is shown the modified as a result of 
healing, map of an investigated film. 

Fig.5 

The electron diffraction pattern of a sample, 
fig.5, b, contains gentle jerks a-phases (on a 
snapshot a line 2), ß-phases (bright jerks in a 
direction of a line 1) and two gentle jerks apparently 
of oxide CoO (line 1) with interplanar distance 2,52 
Ä (tabulared - 2,45 A). As follows from last data. 
fig.5. a. b. as a result of cooling of a thin film from 
area of ß-phases (755°C) at room temperature 
coexisting both modifications of a cobalt is watched. 
Also follows that direct and partial converse a<->ß 
transformation for such scale of a sample is not 
accompanied by formation of the doubles and. 
apparently, flows past not on martensitic 
transformation to the gear, but on mechanism of 
arising of the defects of packaging. About it testify 
pools on electron diffraction patterns, fig.2.4. 
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STRUCTURAL CHANGES IN ALLOY OF A CHROMIUM AT LOW 
TEMPERATURE PHASE TRANSFORMATION 

Maiboroda V.P., Adeev V.M., Maksimova G.M., Molchanovskaya G.M. 
I.Franzevich Institute of Materials Sciense Problems of National Academy of Scienses of Ukraine, 

Kiev, Ukraine 

It is known, that the low temperature 
(-150°C) magnetic transformation of a chromium and 
alloys on its basis is accompanied by isomorphous 
phase by transition [1]. The transformation descends 
on martensitic mechanism, accompanied by 
originating of stresses and fragmentation of a crystal. 

The crystallographic feature of this transition 
consists in appearance of tetragonal in a BCC- 
symmetry of a crystal. 

The indicated processes [1] were 
investigated only with the help of a low-temperature 
X-ray method [2] at the temperature up to -180°C. 
Therefore in activity [1] there are absence the 
comparative data about nature of changes of 
dislocation frame and morphology of a surface of a 
microsection. The purpose of the given report is the 
attempt to fill this gap. 

The activity was conducted on alloy BX2K 
with the contents Ta-0,5 mas %, V-0,5 mas % and 
La-0,2 mas %. The ingot is obtained of an inductive 
fusible electrolytic chromium in argon medium and 
did not subject of padding cleaning by a method of 
zone melting. Samples for researches were carved 
from hot-rolled recrystallization of a band. 

The direct visions of structural changes of a 
surface of a microsection conducted with the help of 
an Auger spectrometer working also in a mode of a 
raster microscope. The vacuum in the chamber made 
~10"6Pa, the cleaning of a surface of a microsection 
implemented during 2 minutes with the help of ions 
Ar. A jack of a sample was incorporated by cold 
conductor with a vessel keeping fluid azote. As a 
result of losses in cold conductor temperature of a 
sample made - (155+160) °C. 

hi a fig.l, a, b, the original image of a surface 
of a microsection of a polycrystallic sample with a 
well bitten-into crystal boundary is submitted. The 
pits available on a surface of a microsection are 
oriented, fig.l, b, and testify, that their formation is 
connected to manufacturing of a.microsection. The 
image is obtained after 2 multiple ion-beam 
cleanings. At sample temperature fall up to - 
(155-160)°C and exposure not less than 20 minutes, 

on a surface of a microsection there is a corrugated 
ramp relief, fig. 2, a, b. hi separate places far from 
boundaries at an ion-beam cleaning there are pits, 
which during exposure 5-10 minutes are displaced to 
the boundary of a grain, fig.2, a, b. 

b 
Fig.l 

The originating of motility of dislocations 
testify the availability of stresses in a chromium at 
decreasing of the temperature up to -180 C [1]. 
Width of ciystal boundaries, fig.2, b is augmented 
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too. On an internal surface of a grain, the fig.2, b,I, 
occurs a relief of the prolated honeycombs, reference 
for a surface of metal, paniculate or completely 
undergo the martensite transformation. 

a reset state testifies to qualitative manufacturing of 
a foil. For analysis of influencing of low temperature 
the samples before electrolytical thining were 
immersed in fluid nitrogen, were maintained 40 
minutes with subsequent heating up to room 
temperature. The map of theirs substructure is 
shown in a fig.3, b, which one differs by availability 
of a large dislocation density, glomal congestions 
and by broadened crystal boundaries. The absence in 
substructures, fig.3, b, doubles, apparently, is 
connected to a scaling factor of a cooling foil. At all 
events, this problem demands padding researches. 
As a whole, the obtained data will be agreed and 
supplement outcomes of activity [1]. 

b 
Fig.2 

b 
Fig.3 

Fig.2,b,I 

The electron microscopy researches were 
conducted on a film obtained on technique of 
mechanical thining up to 0,1-0,15 nm. Further 
thining until obtaining transparent edges executed 
electrolytical method. In a fig.3, a the joint of 3 
grains is submitted. The small dislocation density in 
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INFLUENCE OF ROLLING ON THE STRUCTURAL STATE OF 2HBN 
PARTICLES 

Volkogon V.M., Oleynik G.S., and Avramchuk S.K. 
Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of Ukraine, 

Kiev, Ukraine 

Wurtzite boron nitride (2H BN) prepared 
from graphite-like boron nitride by static or 
dynamic compression under high pressures is the 
base of producing hexanite-R type superhard 
materials [1]. These materials are sintered under 
high pressures at high temperatures. The treatment 
of 2HBN powders by rolling favors the 
improvement of their compactibility characte- 
ristics and a decrease in the initial temperature of 
the transformation of the wurtzite modification in 
the sphalerite (3C) modification during sintering 
of these materials [2]. According to [2, 3], this is 
mainly due to the mechanical grinding and 
fragmentation of particles during rolling. 

In the work, we present results of 
transmission electron microscopy (TEM) studies 
of the structural state of 2HBN particles after 
single and double rolling. This corresponds to a 
pressure in the rolling zone of 0.2 and 0.7 GPa, 
respectively. The rolling procedure has been 
described in [2, 3]. The starting powder with a 
particle size ranging from 3 to 5 urn in the plane 
(0001) and from 0.1 to 0.01 in the orthogonal 
direction was used. For the most part of particles, 
the azimuthal disorientation in the basal plane was 
not more than 3-5°. 

On the base of our investigations, several 
elementary processes that cause structural 
transformations in particles during rolling were 
identified. Let us describe their mechanisms. 

1. Mechanical disintegration proceeds by 
spalling. Brittle spalling proceeds along the 
prismatic planes {1120} and {lT00}, and so- 
called "plastic" spalling develops along the plane 
(0001), which is a plane of easy slip in the lattice 
of 2H wurtzite. As a result of this disintegration, 
the particle size decreases on the developed 
surface in the former case and in the direction 
perpendicular to it in the latter case. 

2. Turns of packages of the basal layers 
within the limits of whole particle about the axis 
[0001] through angles up to 30° and over. In an 
individual particle, a single turn occurs rarely, in 
most cases, a turn is a combination of turns 
through different angles. Turns accompanied by 
shifts in the basal plane also take place. 

3. Turns of local microregions in particles 
about the axis [0001], that favor their 
fragmentation, i.e., their splitting into disoriented 
regions. 

4. Smooth bends of local zones of 
particles about arbitrary axes located in the plane 
(0001). 

5. Changes in the shape of the basal plane 
of particles with the formation of a microrelief in 
the form of strips whose longer sides are parallel 
to the directions [1120] and [lT00]. The 
presence of the microrelief is also substantiated by 
observations of the developed surfaces of particles 
by TEM with using carbon replicas. In an 
individual particle, strips can intersect at angles of 
30 and 60°. The displacement of microvolumes of 
particles along the conjugation boundary of strips, 
which cases the formation of steps on lateral 
surfaces of the cuts of particles, often occurs. 
Disintegration of particles by spalling of 
individual strips from the surface, leading to the 
formation of elongated small fragments, also takes 
place. 

6. The reorientation of the developed 
basal plane of particles proceeds both locally and 
completely in the case of small particles. In 
electron diffraction patterns (EDP) from the 
developed surfaces of large particles, against the 
background of reflections of the basal plane, 
systems of reflections from pyramidal planes (one 
or two) most often appear. In this case, all 
orientations share the direction of the type [1 TOO] 
with the initial basal direction. As a result of the 
complete reorientation, pyramidal orientations, 
that most often correspond to the planes (031), 
(011), (021), (012) and (121), also appear. This 
indicates that the reorientation of the developed 
plane of particles occurs as a result of turns about 
axes located in the basal plane, i.e., axes 
perpendicular to the prismatic planes (lIOO), 
(1120),and(1230). 

7. The reorientation of the developed 
plane of particles caused by twinning. As a result 
of an analysis of EDP, twins characteristic of 
graphite [4] and graphite-like boron nitride [5] 
were identified. They arise due to turns of basal 
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layers about axes of the type [1100]. In isolated 
particles, twins differing in the rotation angle 
about this axis were detected. Twins formed as a 
result of turns about the axes [1120] are 
identified more rarely. Such twins are known for 
graphite [4]. If the indicated twins are present, in 
electron micrographs of particles, the regular 
stranded contrast is observed. In small particles 
with the complete reorientation of the basal plane, 
along the planes (lOll), twins characteristic of 
graphite and metals with hexagonal close-packed 
lattices were also detected [6]. In isolated 
particles, 90°-twins were detected. 

8. The local twisting of the layers (0001) 
of thin particles with the formation of fragments 
of Jubular structure with an axis of the type 
[1100]. The conclusion that this structural 
reconstruction proceeds was made on the base of 
an analysis of the geometry of EDP from 
microregions of particles. 

9. The formation of basal and prismatic 
stacking faults. Their presence manifests itself as 
broadening of node reflexes of hoi rows in 
directions parallel to the axes c and a in EDPs 
from the prismatic spalling surfaces (1120) of 
crystals. In EDPs from the planes (0001), basal 
stacking faults are also identified from the 
presence of continuous streaks between point 
reflections of hoi rows in EDPs from the sections 
(1120). 

10. Local disordering in the direction of 
the axis [0001], which manifests itself as the 
presence of continuous streaks between nodel 
reflections of hoi rows on EDPs from sections. 

11. The phase transformation of the 
wurtzite BN modification into the graphite-like 
modification. This takes place in individual 
regions of particles. 

Thus, during rolling, the structural 
transformations in 2H BN particles proceed as a 
result of mechanical disintegration and plastic 
deformation. Deformation proceeds by two 
mechanisms. These are: a) translational (lattice) 
slip, favoring the formation of stacking faults in 
the basal and prismatic (1120) planes and 
structural disordering of BN on the direction of 
the axis [0001]; b) material (rotational) turns of 
regions of particles about the axis [0001] and axes 
perpendicular to prismatic planes. In the latter 
case, both twinning (on turning about the axes 
[lTOO] and [1120] and deformation by the way 
of kinking, i.e., by turning about the indicated 
axes through arbitrary angles, proceeds. These 

processes cause the orientation instability of 
particles, i.e., the reorientation of their developed 
surface. 

The mechanisms of deformation through 
kinking on 2H BN particles under conditions of 
sintering of heganite-R type materials under high 
pressures at high temperatures have been 
considered in [7]. Deformation mainly occurs as a 
result of group turns of basal layers of crystals 
about axes perpendicular to prismatic planes as 
well as the combination of these turns with turns 
about the axis [0001] and displacements with 
respect to it. These data enable us to draw the 
following conclusions: a) structural transfor- 
mations in 2H BN particles during rolling are 
mainly caused by the action of shear stresses; b) 
the structural state of 2H BN particles forming 
during rolling is one of the major factors that 
favor a decrease in the temperature of the 2H->3C 
phase transition during sintering. 
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THE INVESTIGATION OF ELECTRONIC FRAME In AND Sn IN 
SOLID AND LIQUID CONDITION BY A METHOD OF X-RAY- 

PHOTOELECTRON SPECTROSCOPY 

Maiboroda V.P., Sinelnichenko A.K. 
I.Franzevich Institute of Materials Sciense Problems of National Academy of Scienses of Ukraine, 

Kiev, Ukraine 

The absence of abnormal mean square 
displacement of atoms Sn at transition from solid 
in a liquid state at researches by a EXAFS 
method, which one is responsive to short-range 
nuclear environment [1], is interpreted in this and 
other activities [2], as availability of tetragonal- 
like ordering of atoms in a microgroupings of a 
melt. However, the areas of short-range ordering 
are not an alone piece of the composite motive of 
a constitution of liquids. As shown in activities 
[3-5], the composite motive of melts consists of a 
system of Brown drifting polypieces, 
hierarchically bound among themselves. 

In activity [3] is shown, that only drips of a 
melt by the size of 100 nm and above has the oval 
or spherical forms. More small-sized zones < 50 
nm has plate-similar, rectangular geometry. The 
area comparable to the size of a microgrouping 
(2-5 nm), is hardly prolated and with the darkfield 
diffraction methods is watched as crystal-like area 
of coherent dissipation [4]. 

The purpose of the given activity is the 
realization of comparative researches of X-ray 
photo-elecnron spectra of 3d levels and 
constitution of valence bands of Sn and In in solid 
and liquid condition. The spectra are obtained on 
the device 3C-2401 in vacuum 10"6 Pa, in X-ray 
Ka radiation Mg. The step of scanning made 0,05 
eV, and set of number of pulses in a maximum 
not less than 25000. The received discrete form of 
curves allows to conduct mathematical processing 
of the obtained spectra - smoothing of curves, 
calculus of a maximum of a pica, its half-width 
etc. We had designed the software package 
ensuring these functions. The smoothing was 
conducted by method of least squares by 
interpolation of polynomials of 3-rd degree. The 
same method determined also reference points of 
an experimental curve - position of a maximum, 
point of bends, width of a chord On half of peak 
height and its center etc. Error in definition of a 
maximum did not exceed 2o ~ 0,012 eV (o - 
average-square deviation). It is so-called 

«statistical» error, which one is determined by the 
extremely discrete form of submission of a curve. 

The special researches on given 3C 2401 
have shown, what despite of high stabilization of 
supply voltages, the absolute values of measured 
energies "sail" in due course and can reach 
0,3-H),5 eV for one day. However, these changes 
have monotonic, smoothly varying nature, that 
allows them to take into account (from the point 
of view of relative researches) with the help of a 
procedure repeated and continuous process of 
repetition of measurements: I condition - II 
condition -1 condition - II condition. As a result 
of such experiment we receive interconnected 
time sweeps of some parameter E (we allow, 
value of energy of a maximum of a pica): Ei(ri), 
Ente), Ei(r3), En(f4) etc., where the index at E 
means a condition of object of filming. If now to 
approximate temporary drift of the device by a 
polynomial (it is customary 3-rd or 4-th degrees): 
L (t) on points of a I-st condition L(t) ~ E(t), after 
the logician of reasoning a polynomial (L(t) + 
AE) must to describe points of a Il-nd condition, 
and minimum of a functional 2((L(t) +AE)-En(t)) 
characterizes error of measurements AE. For 
more full count of errors the procedure repeated 
inverntory - the polynomial on En(t) and 
functional for Ei(t) was calculated. For outcome 
received       average   value of these two values 

Table 1. 
Parameters of 3d-spectra of Sn and In in liquid 

and solid condition (eV) 

Line ^max 
pliq    psol 

(±0,03) (±0,015) 
AES0,t) 

(±0,015) 

Sn3d5/2 484,6 0,05 1,29 1,27 

Sn3d3/2 493,0 0,05 1,43 1,46 

In3d5/2 443,1 0,04 1,22 1,23 

In3d3/2 450,7 0,04 1,25 1,26 

*) AE - width of a pica on half of altitude 

By   described   above   techniques   were 
investigated Sn 3d- and In 3d-levels in a solid 
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state at temperature (T) 20 C and in a liquid state 
(T=260±20°C for Sn and T=200±20°C for In), 
and also valence bands. The experimental data on 
In3d- and Sn3d- to spectra are adduced in tab. 1, 
curves of valence bands - in a fig. 1. 

Fig.l 

transition from a solid state in the fluid of 
indicated metals are insignificant and can be 
interpreted, as preservation of chemical coupling 
and nature of packaging of atoms in clusters, 
fragmentation derivated during melting. 
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Fig.2 

It is necessary to mark, what the valence 
bands of the indicated metals formed by s- and p- 
electrons have the lowest intensity, the process of 
filming lasted 5+6 hours, the statistical dispersion 
therefore took place, which one was allowed by a 
special technique. The marked changes in valence 
bands, at transition from a solid state in liquid it is 
possible to regard only as the tendency. In this 
direction it is expedient to prolong researches. The 
interpretation of features of a valence band both In 
and Sn is complicated by that on this area the 4d- 
pikes In and Sn from satellites MgKa 
superimposed of X-ray radiations, which even 
exceed on the intensity the structure of the most 
valence band. The special problem arises with 
interpretation of maxima arranged on 1,6 eV 
above the Fermi level. If for In with some strained 
interpretation, it is possible to explain by 
monochromium of a X-ray radiation, so for Sn the 
explanations to this maximum no also problem 
demands careful experimental study. 

As a whole experiment has shown, that 
the changes in X-ray photo-electron spectra at 
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PHASE EQUILIBRIA IN THE TERNARY SYSTEMS AI203 

EARTH ELEMENTS OXIDES 
Z1O2-RARE 

Lakiza S.M., Red'ko V.P., Lopato L.M. 

Frantsevich Institute for Problems of Materials Science NAS of Ukrajina, Kyiv, Ukrajina 
three-phase fields and four two-phase fields. 
Solid Systems A1203 - Zr02 - REE oxides (REEO) 

attract much attention as a source for design of 
refractory oxide materials with complex 
composition. The initial oxides are very hard, 
stiff, have low thermoconductivity and high 
chemical stability. REEO are the best Zr02 

stabilizers, alumina improves thermomechanical 
properties as well as inhances the stability of 
ceramics at hydrothermal conditions. 

Phase diagrams are the best technologist 
assistant for constructing advanced materials. So 
me aim of the present investigation was to study 
AI2O3 - Zr02 - REEO phase diagrams, where 
REEO - La, Nd and Y. These REEO are the 
representatives from Ce and Y lanthanoid 
subgroups, so we expected distinctions in structure 
of these ternary systems. 

ft - ton+phma sanjpfee 

A/203 ia2Q3 

Fig.  1.. Isothermal section of the Al203-Zr02- 
La203 phase diagram at 1250 °C. 

Samples for the investigation were prepared 
of 99,9 pure oxides, melted in high-temperature 
DTA set and analysed by DTA, X-ray, 
petrodrapbic and microstructural methods. The 
results of investigation are presented in Fig. 1, 2 
and 3 as isothermal A1203 - Zr02 - REEO phase 
diagram sections at 1250 °C. 

The izothermal section of Al203-Zr02-La203 

phase diagram at 1250 °C (fig. 1) consists of four 

solutions single-phase fields as well as ternary 
compounds were not found in the system. Two- 
phase field LaA103 + La2Zr207 corresponds to 
the same denoted quasibinary section as far as 
samples of this section contain only LaA103 and 
La2Zr207. Two-phase field LaA103 - T-ZrOa 
corresponds to the same denoted partially 
quasibinary section since LaA103 phase was 
found in equilibria with solid solution Zr02 + 1,5 
% mol. La203 and therefore the composition of 
the equilibrium phases were not found in the 
section plane in all temperature interval. Two- 
phase field La203llAl203 - T-Zr02 outlines the 
partially quasibinary section of the same name 
since alumina-rich phase decomposes at 1848 °C. 
Zirconia is the phase that defines interaction the 
ternary system. 

The isothermal section of the Al203-Zr02- 
Nd2Oj phase diagram at 1250 °C (fig. 2) consists 

Z1O2 

AHA»3 

W 
«. Nd2°3 

(AL) <*> 

Fig. 2. Isothermal section of the Al203-Zr02- 
Nd203 phase diagram at 1250 °C. 

of five three-phase and six two-phase fields. 
Solid solutions single-phase fields as well as 
ternary compounds were not found in the system 
too. 

Two-phase fields NdA103 + F-Z1O2, 
NdzOs-llAlaOi + F-Zr02 and NdA103 + 
Nd2Zr207 correspond to the equilibria of 
compounds, that are formed in binary bounding 
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system A1203 - Nd2C>3, with ZrC^ - NcfeOs solid 
solutions of different compositions and ordered 
phase Nd2Zr207 with homogeneity region. 
Therefore they outline the partially quasibinary 
sections that triangulate the ternary system. 

Unlike the system with La203, where the 
compound La2Zr207 with pyrochlore-type 
structure congruently melts at 2340 °C, the 
compound Nd2Zr207 with the same type of 
structure is actually the ordered phase and exists 
in solid state only at the temperatures below 2220 
°C. 

The isothermal section of the phase diagram 
Al203-Zr02-Y203 (fig. 3) consists of six three- 
phase fields and seven two-phase fields [1]. Solid 

Zr02 

F+YA 

F*Y2* 

F'Y2A*Yz23 

- V'j°f2 W 

y3*;Ofj     YAJ03 YtU& 
max WsJ IY*1 (Y2A) 

Fig. 3. Isothermal section of the Al203-Zr02- 
Y2Oj phase diagram at 1250 °C [1]. 

solutions single-phase fields as well as ternary 
compounds were not found in the system too. 
Two-phase fields A1203 + F-Zr02, Y3A150]2 + F- 
Zr02, YA103 + F-Zr02, Y4A1209 + F-Zr02 and 
Y4A1209 + Y,jZr3C)i2 correspond to the equilibria 
of compounds, that are formed in binary 
bounding system A1203 - Y203, with Zr02 - 
Y203 solid solutions of different compositions 
and ordered phase Y4Zr3Ou, that is stable below 
1382 °C. Therefore they outline the partially 
quasibinary sections that triangulate the ternary 
system. 

The izothermal sections analysis of A1203- 
ZrOr(La, Nd, Y^Cb systems allow to draw some 
conclusions. Interaction in these systems has 
some common and some different features. 

Differences in the ternary systems studied are 
the result of interaction changes in binary 
bounding systems. The last arise from the ionic 
radii value difference of La (0,114), Nd (0,104) 
and Y (0,092). It is necessary to note, that the 

ionic radii value difference of La and Nd is not 
still sufficient to change interaction in the system 
A1203 - Nd203, but is already evident in the 
system Zr02 - Nd;A- Thus the phase with 
pyrochlore-type structure L^Z^O? melts 
congruendy at 2340 °C, while the analogous 
compound Nd2Zr207 is stable in the solid state 
below 2220 °C only. Besides this ion La3' at 
1250 °C stabilizes only tetragonal form of ZrC^, 
while Nd3+ ion - fluorite-like cubic form. 

The comparison of two mentioned above 
ternary systems with the system Al203-Zr02- 
Y2(>5 reveals even greater differences. In the 
binary bounding system Zr02 - Y203 the phase 
with pyrochlore-type structure is replaced by 
rombohedral ordered phase Y4Zr30J2, that is 
stable below 1382 °C. The F-Zr02 and C-YjCfe 
solid solutions areas increase a lot. In addition to 
the compound YA103 the compounds Y3A15012 

and Y4ALO9 appear in the system A1203 - Y203, 
while the compound of the L^OyllALOj type 
disappear. 

The common feature of these ternary systems 
is the absence of solid solutions single-phase 
fields as well as ternary compounds. It is very 
important that Zr02 defines the interaction in the 
systems and exists in equilibria with almost every 
other phases. It forms two-phase regions which 
triangulate ternary systems. This fact allows to 
make a conclusion that in these ternary systems it 
is possible to construct composite materials in 
which phase components, i.e. matrix and 
reinforcement phases, do not react in the course 
of high-temperature runing. One should also note 
that ZXO2 is in equilibria as solid solutions with 
tetragonal (AfeOs-ZrCfc-I^Q») or cubic fluorite- 
like (AlzCb-ZrOHNcLY^Os) structures. 

Literature 

1. Jlona-ro JI.M., Haaapemco JIB., 
TepacHMMK T.H., IHeBieHKO A.B. 
Ü30TepMHHecKoe        ceneHHe        njiarpaMMH 
COCTOHHHH CHCTeMM Zl^-Y^-AW^ "pH 1250 
°C // HeopraroreecKHe MaTepHanH- 1992- 28, 
.No 4.-C. 835-839. 

174 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

COMPLEX MODELLING OF THE PHASE EQUILIBRIA IN 
Al-Ti SYSTEM AND SEGREGATION IN THE GRAIN BOUNDARY 

PHASE OF ITS POLYCRYSTAL ALLOYS 

Danylenko V.M., Yagodkin V.V. 
J.N. Frantsevich Institute for Problem of Material Science NAS of Ukraine, Kyiv, Ukraine 

The Al-Ti based alloys are perspective 
heat-resistant construction materials. Solid phases 
on the basis of starting components: HCP <o>f i> 
(a), BCC <ß-Ti> (ß) and FCC <A1>, as well as 
titanium aluminides AJTi3 (ofe), AITi (Y), Al2Ti 
(ti), AluTi5 (£), Al3Ti (E) have been formed in 
the Al -Ti system. The consistent system of model 
constant sets of all condensed phases in Al-Ti was 
constructed as a result of analysis of experimental 
information and optimisation of phase equilibria 
and thermodynamic properties data. This gives 
possibility to calculate die phase diagram of this 
system. The coordinates concentration Z and 
temperature T of the character points of the Al-Ti 
phase diagram are presented in the table 1. 
The table 1. 

Nonvariant equilibrium. 
Reaction 

Calculated 
Z,at%Al T,K 

Melting Lo<Al> 100 933.47 

Peritectic 
L + E<-»<A1> 

99.9999 
938 75 

0.3686 

Eutectic 
a<->02+y 

40 
1388 39 

50 
Ordering aootj 33 1472 

Peritectoid 
%  + Y <-»  T) 

68.75 
1483 66.6667 

65.01 

Peritectic 
80.12 

1698 75 
68.75 

Peritectic 
69.8 

1723 59.6 
69.78 

Peritectic 
L + aoy 

59.9 
1758 50.1 

52 
Peritectic 

L + p<f>a 
52 

1793 42.7 
44.1 

Congruent melting L <-> ß 7.75 1975- 
Melting Lo<ß-Ti> 0 1941 

We  took the  modern  thermodynamic 
properties of the phases of elements from SGTE 
[l].Constants of interaction depending on the 
temperature by four-term  formula 
Gq =Aq+B,T+CqlnT+D,T2 [2]. 

Very valuable construction materials on 
the basis of Al-Ti alloys are intercrystallite 
fragile mainly due to the grain boundary impurity 
segregation, hi our the grain boundary equilibrium 
segregation substitution atoms model [3] 
polycrystal assumed to be two-phase system of 
solid solution ( s ) and grain boundary ( b ) 
phase which have small volume fraction a«l. 
Introducing internal deviation parameter X from 
mean impurity concentration Z, we may 
determine the middle-phase concentrations as 
follows Z*=Z + X for solid solution and Zb = Z 
- (l-a)X/a on the grain boundaries. Assume that 
molar Gibbs potential of policrystal is: G = (1- 
a)G* + aG\ where G* and Gb are molar potentials 
of solid solution and boundary phases, 
respectively. Substracting the non-segregation G*0 

and Gb
0 potentials we obtaine the energy 

dependences of the segregation relaxation 
potential -Gj. and the grain forming one -Gp, 
respectively: G = (l-a)G*0 + aGb

0 + G* = G*0 + 
Gp . If the volume of grain boundary phase is 
constant (a - const), this two-phase system is in 
equilibrium state when the condition dG/dX = 0 
is fulfilled. Using for potentials of both phases the 
model of subregular solutions where all G, are 
thermodynamic potentials components phases, 
constants of interaction in solid phase and in grain 
boundary phases depending on the temperature 
by four-term formula we obtaine the 
transcendental equation for segregation, which we 
must resolve by numerical methods. 

We investigated at   the grain boundary 
segregation in the liquid-like grain boundary 
model [3] with a = 0.01 for systems with the 
broad homogeneity regions: ot(HCP-Al,Ti), 
ß( BCC-Al,Ti X OsC Affis X Y( AITi). 

We have obtained by computer modelling 
the temperature dependences of the grain 
boundary concentration Zb and the temperature 
dependences of the energy characteristics GR, Gp. 
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We have obtained also the regions of phase 
existence (consistent with corresponding phase 
diagram) and zero- segregation lines Lo . There 
are general tendency of increasing the 
isoconcentration sections Zb for Al - Ti with 
temperature growth. 

In the a - Al ,Ti phase we obtained zero- 
segregation line Lo from ( Z = 31 at.%Al , T 
=1530K ) to ( Z =33 at.%Al, T=1470K. In the ß 
- Ti,Al phase we obtained line Lo from ( Z = 6 
at.%AL T =1970K ) to ( Z = 31 at.%Al ,T 
=1620K). h the eta - ALTi phase we obtained line 
Lo is external for the region of phase diagram 
existence. Impoverishment of aluminium atoms 
on the boundary under cooling was found for 
whole region of o^ phase: Zb = 27.5 at.%Al at the 
top of this region (1472 K, 33 at% Al ) and at 
1000 K we have Zb from 37 at.%Al ( Z - 45 
at.%Al) to Zb - 0.85 at%Al ( Z = 20 at.%Al). 
In they-ALTi phase we obtained line Lo from ( 
Z = 47.5 at.%Al, T =1650K ) to ( Z =61at%Al, T 
=1350K), with tendency of increasing Zb 

changes to saturation at Z = 65.5 at.% Al with 
instability at T <, 1200K Regions of phase 
domaines intersections reveale decreasing of grain 
boundary equilibrium segregation with cooling: 
Zb/Z changes from 1.2 (Z=52 at%Al, T=1793K) 
and later to 0.42 at 1000 K. 

We have obtained also general tendency 
of correlation between the temperature 
dependences of the energy characteristics G& ( G* 
and the temperature dependences of the 
concentration Z on grain boundaries under the 
equilibrium segregation substitution atoms. 

We have obtained the segregation 
maximums of temperature Tm and concentration 
Zb

m are presented in the table 2. 

The table 2. 
Phase Z,at%A 

1 
TaJi ZVat^/oAl 

a(Al,Ti) 50.1 1793 86 
KMTi) 42.7 1793 55 

o^AlTis) 39 1388 34 
Y(AlTi) 65 1483 77 

Conclusions 
The complex adequate to 1he modern 

investigation level description of the Al-Ti system 
was done. 

The Al-Ti alloys with aluminium content 
of about and higher then 50 at.% revealed the 
segregation of aluminium atoms on the grain 
boundaries. We have obtained also general 
tendency of correlation between the segregation 
maximums of temperature Tm and concentration 
Zb

m and concentration Z and temperature T of the 
character points of the Al-Ti phase diagram. 

Analysis of the grain boundary 
segregation tendencies for the y phases in the Al 
-Ti system also permit other intermediate micro- 
phases nucleation prognozis on boundary regions. 
These effects may explain the high-temperature 
intercrystalline fragility of these alloys. 
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HIGH-PERFORMANCE MATERIALS BASED ON Zr02 

Shevchenko A.V., RubanA.K., DudnikE.V., LopatoL.M. 
I.N.Frantsevich Institute for Problems of Materials Science, Kiev, Ukraine 

Ceramic materials, including oxides, are 
classified in application on conventional and 
advanced. The conventional materials market 
grows slowly as opposed to the advanced ceramics 
market, which is reasonably large now and 
continues to develop intensively. Advanced 
materials are used principally for both structural 
and functional materials. Under manufacturing of 
structural materials the attention is focused on 
strength behaviours, whereas under producing of 
functional materials emphasis is placed on the 
electrical and magnetic properties. 

High-performance materials based on Zr02 

are characterized with the unique combination of 
high strength and fracture toughness, stability to 
influence of corrosive medium, low thermal 
conductivity and especial electrophysical 
properties, which are perspectived for creation of 
both structural and functional ceramics. 

The aim of this paper is to present the 
Department's research results on creation of 
ceramics based on Zr02 for various applications. 

Our combined approach to improvement 
of the Zr02 - ceramic materials consists in 
establishment of the relationship between 
producing of starting powders, forming of green 
bodies and sintering together with both strength 
behaviour and electric properties of ceramics. This 
non-separable process line-up allows to design 
ceramic materials in the various systems based on 
Zr02 at a microstructural level. The behaviors of 
designed ceramics have progressed to the stage 
where they were promising for creating of a variety 
of materials: from refractory products up to 
converters of energy and bioimplants. 

The most attention has been concentrated 
on producing of materials with fragmentary, 
coarse-grained macrostructure under creating of 
refractory products. The active bonding materials 
from the nanocrystalline powders based on Zr02 

were among the materials component. That had 
allowed to produce the high-strength sintered 
materials with increased durability to thermal- 
fatigue loads. Using of this process had created 
crucibles and shell forms with the covering layer 
for melting of refractory, chemical active metals 
and alloys (up to 2000°C); high-temperature 
heaters for exploitation in an oxidising medium at 
the temperature up to 2000 °C in the conditions of 

repeated switching on / switching off; cermet 
crucibles for multifold vacuum distillation and 
evaporation of metals with in the temperatures 
range from 1200 up to  2200 °C. 

The development of new structural 
ceramics presumes the creation of the certain 
microstructure both in volume and surface of the 
materials. This is due to the fact that the various 
destroying factors should be relaxed. These factors 
are : creation of the local stress zones; origin, 
accumulation and confluence of microcracks, their 
rising and development to the arterial crack. 
Appropriate microstructures are arisen by the 
purposeful variation of the matrix chemical and 
phase composition as well as the concentration and 
morphology of disperse phases. Variation of the 
starting powder synthesis conditions along with the 
methods of their forming, pre-heated treatment and 
sintering affect as well. 

Chemical pure, homogeneous ultra-fine 
isomeric powders with a narrow particles size 
distribution are necessary to producing of fine- 
grained ceramics with both high density and 
strength. Our main attention under producing of 
the starting nanocrystalline powders of complex 
composition (from binary up to four-components) 
was given to the combined method of 
hydrothermal synthesis and sol - gel technology. 
The powder activity, which provides the high 
strength behaviour of ceramics, was occurred on 
this step. Slip casting followed by cold isostatic 
pressing provides the creation of the "regular" 
microstructure of monolithic and layered green 
bodies. Slip casting of aqueous slips was used for 
the powders forming. Slips were stable and did not 
require of additional stabilisation. The solid 
concentration varied from 50 to 70 % depending 
on chemical composition. Castings of "regular" 
microstructure as well as relative densities from 
0,35 to 0,4 were produced. Hydrostatic pressing 
was used for increasing of the slips relative 
densities up to 0,45. The sintering conditions 
variation had allowed receiving the structural 
materials based on Zr02 with fine-grained, two- 
scale "self-reinforced" and layered microstructures. 

The structural materials with bending 
strength of 1000 - 1200 MPa and K]c - up to 15 - 
20 MPa.m °'5 were produced as a result of this 
complex approach. 
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The following technology were developed: 
targets for electron-beam plotting of heat- 
protective coatings; cutting ceramics for various 
purpose; dies for spraying of abrasive, loose and 
liquid materials; drags for drawing of an 
aluminium and copper wire; bioceramics. 

The further improving of the properties of 
the structural ceramics based on Zr02 will be 
centred around increasing of both strength 
behaviour and fracture toughness as well as 
searching of physical-chemical regularities for 
formation of the "self-reinforced" structures of 
composite ceramic materials. Non-isometric "self- 
reinforced" phases are in a thermodynamic 
equilibrium with a matrix and are formed as the 
result of chemical reactions, ordering or eutectoid 
disintegration of solid solutions. The certain 
perspectives are connected with the development 
of the multilayer and gradient materials producing. 
In these materials the thin discrete layers (up to 20 
- 100 microns) represent the "self-reinforced" 
ceramic composites, which were treated with non- 
traditional thermal treatment, for example, plastic 
forming with a large cubical strain of all package. 

The ceramic fuel cell has attracted 
considerable interest of scientists owing to high 
efficiency under transformation of the fuel 
chemical energy immediately to electrical. 
Designing of the solid electrolytes with ionic 
conductivity in the multicomponent systems based 
on both Zr02 and oxides of elements of II and III 
groups of Periodic system with the crystalline 
structures such as fluorite, pyrochlore and 
perofskite is carried out now in the Department. 
Long-term phase stability of the SOFC solid 
electrolyte, contacting with 2 chemical dissimilar 
electrodes over prolonged period at the 
temperature 1000 °C, is one of the problems under 
investigation. It demands the careful researches of 
technological steps both for forming of electrodes 
(cathode, anode) during the solid oxide fuel cell 
manufacturing and under collecting of separate 
cells to the commutator of necessary capacity. It, in 
turn, presents increased requirements to both 
strength behaviours and electrical properties of the 
oxide interconnection. 

Reducing of the solid electrolyte thickness 
is of importance to designing of planar fuel cells. It 
should result in increasing of the efficiency of the 
fuel using, decreasing of the operation 
temperatures and raising of the cell efficiency as a 
whole. Therefore, producing of the Zr02 layers 
from 8 to 30 u.m thickness is an issue of the day. 
We used the electrophoretic deposition for solution 
of this problem. 

Designing of the supporting construction 
for planar fuel elements is topical problem. We 
designed the technology for producing of the 
gasproof tubular ceramic elements based on 
stabilised zirconia for solid electrolytes of fuel 
cells (oxygen pumps). 
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THE PHYSICO-CHEMICAL BASES of MELTING the HIGH PURE 
ALLOYS of Ti, Zr, Cr And DEVELOPMENT of PERSPECTIVE 

TECHNOLOGIES FOR ITS PURPOSE 

Uljanov V.L|., tRakitskij A.N|., Kyznetsova T.L.. Jakimenko I.L. 
Institute for problems of materials science NAS of Ukraine, Kiev, Ukraine 

The development of perspective 
technologies of melt of high pure alloys of highly 
reaction refractory metals is based ön 
thermodynamic accounts of refining processes and 
also on research of structure change kinetics of 
liquid melt during various kinds of melting with 
the purpose of an establishment of optimum 
parameters of melting and deep refining. 

The researches of refining have been 
carried out depending on specific capacity AW 
(kW / kg), time of exposure for metal at the 
maximal capacity t (minutes) and degree of 
pollution of the melting atmosphere (E % 
impurities). 

The influence of various technology 
factors on gas saturation - degassing of metal and 
removal of non-metal inclusions of deoxidation 
products have been investigated by various ways 
of the melting. 

Proceeding from physic-chemical 
properties of high pure refractory metals (Ti, Zr, 
Cr) the optimum parameters their melting and 
refining have been substantiated, and the 
perspective technologies of reception high pure 
alloys on their basis have been investigated and 
tested. 

It has been established, that for melting 
and refining of zirconium alloys, which have low 
vapour pressure at the melting temperature (P = 
10"3 Pa), and easily deoxidate in vacuum at the 
expense of evaporation of monoxide ZrO, 
electronic beam sculled smelting (EBSS) with 
electromagnetic mixing of melting are the most 
perspective technology . 

Taking into account rather high vapour 
pressure of titanium at the melting temperature (P 
= 5.10"' Pa) the melting technology of titanium 
alloys in vacuum-induction sculled furnace with 
"cold" crucible in high pure argon is optimum. 
However, taking into account, that the shock 
viscosity of titanium alloys is basically determined 
by the contents of hydrogen, for melt of plastic 
titanium alloys it is represented perspective 
electronic beam sculled smelting with 
electromagnetic mixing of melting. At this 
technology the decrease of hydrogen in titanium up 
to 0,001% is possible. 

As chromium vapour pressure at the 
melting temperature is about 10"1 Pa, the smelting 
of high pure of chromium alloys is necessary to 
carry out only in inert medium in an induction 
furnace with "cold" crucible. 

The experimental researches of melting 
both refining of titanium and zirconium alloys in 
electron beam skilled furnace, and chromium 
alloys in vacuum-induction furnace with ceramic 
or "cold" crucible have been carried out. 

The developed technological parameters 
the electronic beam sculled smelting (vacuum . 
lO'MO"2 Pa, overheat the melt before 0,1 Tu 

electromagnetic mixing a fluid metal, use special 
deoxidisers) have allowed to ensure 
thermodynamic parameters of deeper refining the 
titanium alloys from gas impurities, than under 
vacuum-arc melting (VDS) [1,2]. In alloys VT-5L 
EBSS the hydrogen contents is within 1-3.10"3 %, 
that in 10-100 once below in contrast with the 
metal, received by method VAS. Thus it was 
possible to reduce the contents of impurities O and 
N to a level 0,03-0,05 and 0,01 % accordingly. The 
mechanical properties of a cast alloys, received by 
the method EBSS vastly exceeded the properties of 
same alloys VDS, thus the striking viscosity 
formed 0,5-1,0 MN-m"1 under tolerance for this 
alloys - 0,3 MN-m"1. The reason of them is more 
full refining this alloys from gas impurities and, in 
the first of all, from hydrogen. Carried out TEM 
has not shown hydrides layers over the grain 
borders casting alloys VT-5L, received on the 
developed technology. 

The conditions of melt high pure 
zirconium alloys without oxidation and gas 
saturation by a method electronic beam sculled 
smelting are established, the sources of 
contamination of the metal and role the factors 
influencing to getting of alloys with the contents of 
impurity inculcation at a level less than 0,1 % are 
investigated [3]. The influence of the different 
factors on degassing of metal at melting is 
investigated. In the results melting refining of the 
scraps of a zirconium alloy Zz-l%Nb in vacuum 
10"2 Pa, at power 20icW/Kg, time refining 60-90 s 
and intensive electromagnetic intermixing of a 
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melt the contents of oxygen in ingots has decreased 
from 0,15-0,2 % up to 0,07-0,09%. 

The complex of the carried out 
technological researches has allowed making a 
conclusion, that the basic sources gas saturation the 
chromium alloys at melting (at exception of 
influence the ceramic crucible) are the melting gas 
atmosphere and chemically active gases, adsorbed 
on a surface of the furnace, foundry equipment and 
stock [4]. 

Therefore the reception of ingots with the 
low contents of the impurities inculcation is 
possible only under condition of providing 
preliminary deep (lO^-lO"4 Pa) oil less pumping 
out of melting space, degassing of an internal 
surface of the furnace and the stock in conjunction 
to filling of the furnace high pure argon and 
application of highly effective methods of 
circulating purification of inert gas at melting 
process with multiplicity of an exchange not less 
than 25-30 and - or using the vapours of the high- 
active low-boiling elements (Mg, Ca, Ba, Sm), 
ensuring decrease of oxygen, moisture and 
nitrogen in a gas melting atmosphere less 
(lOJ.lO^yo. 

The important role in providing of high 
purity alloys is the technology of preparing the 
burden materials (chromium and alloys 
components). The developed technology of 
preparation chromium burden includes high- 
vacuum (below 10"4 Pa) degassing the burden at 
1200-1250° C, vacuum pressing of briquettes or 
consumable electrodes and superficial electron 
beam smelting of consumable electrodes. The 
preparation alloys components includes operations 
the cutting alloys components, splitting its with 
ultrasonic washing. 
The refining (deoxidation and decarbonisation) of 
the metal in the melting process is reached by 
alloying the high-active elements. As a result of 
analytical and experimental researches the 
optimum parameters of deoxidation chromium 
melt by rare-earth metals (Sc, Y, La) at arc sculled 
and induction sculled smelting in "cold" crucible 

are established. Is shown, that deep deoxidation 
([O] Cr < 10"5 %) is reached at introduction REM 
in quantity 0,2-0,5 % into melt for 40-60s before 
input chemically active alloys components (V, Ta, 
Al, Ti, Zr). For reduction impute into melt chemo 
adsorbed gases from the surface REM, REM 
should be entered into metal only as specially 
prepared alloys. The complex of the described 
measures has made possible to reduce the contents 
of impurity of introduction in alloys to a level - 
0,0005-0,003, 0,001, 0,003-0,002 % of oxygen, 
nitrogen and carbon accordingly. 

Thus as a result of the carried out 
researches and scientific development the optimum 
perspective technologies and melting-foundry 
equipment are offered which make possible to 
receive high-pure alloys on a basis highly - 
reaction refractory metals (titanium, zirconium and 
chromium), that opens new opportunities for their 
application. 
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RESEARCH OF STRUCTURE AND MECHANICAL PROPERTIES OF 
CHROMIUM FILM CONDENSATES IN AN INTERVAL AT 

TEMPERATURES 20-1100° C. 

Pisarenko V.A., fcakitsky A.NJ|, Rogul T.G., Sameluk A.V., Pavlov V.S.( 

I.N.Frantsevich Institute for Problems of Materials Science NAS of Ukraine, Kiev, Ukraine 
(1) NSC Kharkov of Physic-Technical Institute NAS of Ukraine, Kharkov, Ukraine 

The structure and mechanical properties of 
an Cr-0,35La-0,2Ta alloy film condensates 
0,25mm in thickness, received by a method of 
vacuum arc dispersion on a copper substrate were 
investigated at temperature of condensation 650° 
C. The copper substrate in accuracy corresponded 
to the sizes of a sample the for mechanical 
stretching tests, which was etched in a solution of a 
nitric acid. The received samples were tested as in 
an initial state, and after the annealing at 900- 
1300° C in vacuum during the various times' 
exposure endurance in a wide interval of the 
temperatures. 

In an initial state of delute alloying 
chromium condensates have the fine crystalline 
structure. The average a grain size is changed from 
0,6 up to 2,7 microns depending on the 
temperature condensation. High density of 
prismatic dislocation loops of subtraction is 
observed inside grains. Its average of grain size is 
changed from 0,05 up to 0,2 microns at the 
increasing of the condensation temperature from 
200 up to 900° C. The loops are formed by the 
complete dislocations, have a Burgers vector b = 
<100> and deposited on {100} planes of crystal 
BCC a chromium lattice. The maximum quantity 
of prismatic loops is observed in chromium 
condensates, received at 300° C and reaches value 

.-3 510" cm 
The carried out researches were been 

established, that in an initial state samples of 
condensates are fragile and have the low 
mechanical characteristics at the room temperature 
(50-60 MPa), due to huge internal presses because 
of the high density vacancies defects. The 
destruction thus occurs by intergranular type. The 
stability of defects is very high. Their absolute 
annihilation, and also removal of internal stress 
take at the annealing temperatures 1100° C and 
above. At these temperatures it are begin the 
processes caused by collective recrystallization 
that results to disappearance of columnar structure, 
increase of the size of a grain and decrease of a 
limit of fluidity and destroying press at some 
increasing of plasticity and also decrease of 
temperature brittleness up to the room temperature 

and lower. The assumption is stated that the 
increase of a limit of fluidity in the field of test 
temperatures 700-800° C is caused probably by 
ageing vacancies type. That the condensates have 
rather high purity on impurity of introduction, 
effect Porteven-la-Shatelie, which display on 
characteristic of dynamic deformation ageing, was 
not observed during stretching test at the 
temperatures, at which was fixed increase of a 
limit of fluidity and decrease of the plastic 
characteristics. For the first time it was observed 
stratification in neck of chromium samples tested 
at 400° C, that also testifies to high purity of the 
researched condensates to impurity of introduction. 
The problems intergranular destruction and 
stratification in neck of chromium alloys samples 
at stretching tests are discussed. 

Summary. 
1. The forming defects by vacancies origin 

at condensation of chromium alloys are capable to 
cause huge internal presses, which can raise the 
brittleness temperature up to 700° C and above, 
causing destruction along the boundary of 
columnar structure (intergranular destruction). 

2. The annealing at 1000-1300° C result to 
gradual annihilation of the vacancies defects, 
removal of internal presse, and at 1150° C and 
higher to recrystallization processes, that has an 
salutary effect for mechanical properties and 
plastic characteristics of condensates. 

3. The increase of the mechanical 
characteristics (at simultaneous decrease of plastic) 
at the test of temperatures 600-800° C is connected 
the most probable with usual ageing of vacancies 
character, instead of with processes accompanying 
dynamic deformation ageing. 

4. The processes of mixed trans- and 
intercrystalline destruction's, and also stratification 
in neck of the tested samples testify about the same 
nature of destruction inherent to metals of Y1A 
group, and at that the anomalies connected to 
difficulties of display of intercrystalline destruction 
for chromium alloys, most likely are conditioned 
by metal purity or character of the intense 
condition realised during test. 
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THERMOELASTIC MARTENSITIC TRANSFORMATION IN Fe-Co-Ni-Ti 
ALLOYS AND STRUCTURE OF MARTENSITE 

Shevchenko P.M.. Kozlova L.E.(1) 

Institute of Materials Science Problems named by I.N.Frantsevich NAS of Ukraine, Kiev. Ukraine 
(1) Institute of Magnetism NAS of Ukraine, Kiev, Ukraine 

Long lasting study of the y<->a 
transformation in Fe-Ni-Co-Ti alloys lias given 
the opportunity to find the conditions of its 
reverseability. In aging the austenite of Fe-Ni-Co- 
Ti alloys the formation of homogeneously 
distributed coherent with the surrounding matrix 
spherical particles of y'- phase (Ni3Ti) occurs. The 
particles including in austenite retain coherency 
with the crystal lattice of martensite, thus leading 
to its tetragonality. It makes easier the coherent 
connection of the austenite and martensite lattices 
and decreases the level of strains between them 
that determines the proceeding of thermoelastic 
martensite transformation. By means of the proper 
selection of the alloys composition (taking 
advantage of the invar anomaly) and their aging it 
has been managed to obtain in the above alloys 
the thermoelastic transformation with hysteresis 
from 250 to 20K [1-3]. The aim of this research 
was the investigation of the thermoelastic 
martensite structure in Fe-Ni-Co-Ti alloys and its 
mutual connection with the transformation 
hysteresis. 

The alloys 1 - Fe-30,3%Co-20,l%Ni- 
7,7%Ti: 2 - Fe-37,l%Co-18,5%Ni-8,2%Ti and 3 
_ Fe-44,4%Co-12,2%Ni-8,0%Ti were melted in 
an induction furnace in argon atmosphere, hot 
rolled, homogenized, then water quenched from 
1423K and aged in a salt bath at T=923K. The 
characteristic temperatures of martensitic 
transformation and its hysteresis were determined by 
the low field magnetic permeability. The 
metallographic and X-ray studies of the 
martensite structure at low temperatures were 
carried out too. The degree of tetragonality c/a of 
the crystal lattice of martensite and the volume 
effect of transformation AV/V were calculated 
using parameters of the y- and a- phases lattices 
defined from the positions of corresponding 
diffraction lines. The martensite quality was also 
determined by X-ray method. 

When aging time increases, the particles of 
y'- phase grow. Thus, owing to lower content of 
Ni and Ti in austenite the characteristic 
temperatures of martensite transformation 
increase and Curie temperatures decreasing  is 

observed. Also the quality of appeared martensite 
grows and hysteresis of yoot transformation 
becomes smaller. The further growth of y'- phase 
particles leads to the break of coherency with the 
matrix and the enlarging of hysteresis 
accordingly. It is clear from the results obtained, 
some correlation between such characteristic of 
transformation reverseability as its thermal 
hysteresis and the structure of the thermoelastic 
martensite in Fe-Ni-Co-Ti alloys exists, figure 1. 

During thermoelastic y<-»a transformation 
the formation of martensite in cooling and its 
disappearance on followed heating occurs as a 
result of the reversible moving of martensite 
crystals borders. It can be noted, that the 
martensite crystals are thin plated with straight 
boundaries and forms well-defined relief on the 
surface of the preliminary polished specimens.» 
The length of martensite plates, as a rule, is 
comparable with the austenite grain size. The 
disappearance of thermoelastic martensite plates 
comes about in reverse order of their formation, 
that is, the earlier forming plates disappear later. 

The morphology features of thin plated 
martensite evidence of high moveability of the 
plates borders and that there is no relaxation of 
the strains which are brought about by the plates 
growth owing to coherent connection of the 
austenite and martensite lattices. In an austenite 
grain the relaxation takes place because of the 
energy advantageous directions of martensite 
plates growth and the formation of the parallel 
plates. 

When considering the martensite structure in 
alloys with different hysteresis of yoa 
transformation, it can be noticed, that the smaller 
hysteresis is, the thinner plates of martensite 
become, figure 1. Besides, in the alloys with 
narrow thermal hysteresis the relief height lowers 
that evidences of the smaller form deformation on 
the transformation while the volume changes are 
equal. It was shown, the martensite 
transformation hysteresis essentially depends on 
the aging time and is evidently influenced by the 
volume part of y'- phase particles, which retained 
coherent with austenite. 
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a) b) c) 
Figure 1. Martensite in Fe-Ni-Co-Ti alloys with different hysteresis of y^cc transformation (xlOO) 

a) alloy 1, aging time - 13 min, H=85K; 
6) alloy 2, aging time - 1 min, H=120K; 
B) alloy 3, aging time - 5 min, H=200K. 

But there are reasons to suppose the 
morphology and crystal structure of martensite be 
determined by the volume part of coherent y'- 
phase particles too. Disperse coherent y'- phase 
particles become the centers of a shift in 
martensite and cause large tetragonality of its 
crystal lattice. The increase of c/a leads to the 
lower of martensite crystal elastic energy in 
austenite and, thus, to decreasing coherent strains 
on the interphase of austenite and martensite, that 
determines the reverseability of martensite 
transformation in the alloys investigated. It should 
be noted, that the correlation exists between the 
transformation hysteresis and the degree of 
martensite crystal lattice tetragonality: the 
maximum of c/a corresponds to the minimum of 
thermal hysteresis. 

As it is known, at early time of aging the 
volume part and size of y'- phase particles grows, 
that resulted in increasing the shift centers in 
martensite and, as a consequence, in rising c/a. 
While aging time increased, the values of 
tetragonality reach maximum and, then, start 
decreasing. We can suggest the y'- phase particles 
when grew to some critical dimension lose their 
coherency with the matrix, that causes the 
diminishing of martensite crystal lattice tetragonal 
distortion. 

Thus, the alloy 3 with small content of Ni 
(that also influences the volume part of Ni3Ti 

precipitations) has considerable hysteresis: the 
minimal feasible one, obtained by aging in this 
alloy, consists 185K and corresponds to 
c/a=l,105; the increase of Ni content in the alloy 
2 leads to the narrowing of hysteresis - 
Hmin=100K, c/a=l,13; and, then, the alloy 1, 
having the largest Ni content, reveals the follow 
parameters: Himn=65K, c/a=l,15. 

Thus, increasing the degree of tetragonality 
c/a of the crystal lattice of martensite resulted in 
narrowing hysteresis of y<->a transformation in 
Fe-Ni-Co-Ti alloys. It has been shown that 
hysteresis of y<H>ot transformation in the 
investigated alloys is quite strong controlled by 
the time of aging. The martensite in these alloys 
is thin plated with straight borders (that is, with 
the character configurations of its crystals 
decreasing the elastic energy) that evidenced of 
their high moveability. The thickness of plates 
reduces and martensite relief becomes lower 
when the transformation hysteresis diminished. 

[1] KoicopHH B.B., TyHbKO J1.II., Ko3JioBa U.E., 
flAH CCCP 286, N°4 (1986) 883-886. 
[2] Kokorin V.V., Shevchenko O.M., Materials 
Science Forum 79-82 (1991) 545-550. 
[3]  Kokorin V.V.,  Gunko L.P.,  Shevchenko 
O.M., Scr. Metal. 28 (1993) 35-40. 
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PHYSICAL ASPECTS OF ACTIVATED SINTERING OF METAL 
POWDERS BY HIGH-RATE ELECTRIC CONTACT HEATING 

L.O.Andrushchik, S.P.Oschkaderov 
Institute for Metal Physics G.V.Kurdymov 
National Academy of Sciences of Ukraine 

Kiyyv, Ukraine 

Sintering is one of the most important and 
continuous operations in powder metallurgy. 
Intensification of this process, especially by using 
new technologies, is am important problem of 
science, technology, and economics. 

This paper is devoted to the theoretical and 
experimental consideration of the influence of 
defects on the conventional and bulk heating 
sintering. The vacancy path in a crystal, containing 
grain boundaries, pores and dislocations is 
discussed. The diffusional process rates have a 
maximum at the dislocation density about 
10" cm'2 Influence of the pore surface quality on 
the diffusional process rates is considered. 

The experimental results in the study of 
the physical processes during electric contact 
sintering as compared with other methods of 
sintering indicate. The theoretical concepts of an 
activating effect of electric current during sintering 
are real and is accelerated. Healing of the large 
pores is accelerated and their total number is 
reduced during the electric contact sintering, unlike 
during radiation and induction heating, during 
which a coaqulation and qrowth of the large pores, 
accompanied with an increase in their total 
number, takes place. The pores are spheroidized 
and distributed uniformly over the whole bulk of 
the sintered material during electric contact 
sintering. The method of direct electric contact 
sintering has advantagies in comparison with the 
others from the point of view of efficiency of the 
process (the duration of the sintering is reduced, 
the eguipment is cheaper, power consumption is 
lower, producton area is smaller). 

As has been shown the sintering process of 
metallic powders can be intensified considerably 
by using the high-rate electric contact heating 
technigue of compacted samples and subseguent 
isothermal holding for not very long time at the 
sintering temperature. For industrial use of this 
method the physical processes taking place during 
electric contact sintering are to be studied 
comprehensively.   One  or  another  structure   is 

formed depending on these processes to determine, 
in turn, the properties of sintered materials. It 
should be noted that properties of sintered 
materials are largely determined by a formation 
process of interparticle juctions, arrising between 
sintered powders at high temperatures. Whereas 
these processes during conventional furnace 
sintering, which is used widely in powder 
metallurgy, are more or less studied, in the case of 
electric contact sintering they are not practically 
investigated. So the theoretical and experimental 
invetigations of a possible local increase of 
temperature near the interparticle contacts during 
electric contact sintering and an influence of this 
possible effect on the properties of sintered 
materials and, in particular, on sintered powder 
steels were the aims of this work. It is noteworthy 
that during usual furnace sintering an effect of the 
local increase of the temperature near the 
interparticle contacts is not arising. During electric 
contact sintering a local increase of the 
temperature near a contact arises due to the 
condensation of the current lines near the contact 
resulting in Joule heat increase. As will be shown 
below an inccrease in electric resistance of the 
contact due to the present oxides and/or the fine 
qeometrical structure of the contact is the main 
cause of the local temperature increase. 

Theoretical results on calculating a 
temperature difference in a particle-contact region 
and in a bulk of a grain are considered. In the regi- 
on an electric resistance is often increased due to 
changes in chemical composition (as a result of 
oxidation, seqreqation, etc.) as well as fine structu- 
re of electric contact. As a result at passing an 
electric current through compressed powder mate- 
rial the temperature increases in the contact region 
resulting in a local formation of a liquid phase 
there at a final stage of high-rate electric heating. 
The theoretical results on a possibility of the local 
formation of the liquid phase in the interparticle 
contact regions are experimentally confirmed on 
powder steels alloyed with Cr, Mn, Mo and Ni. 
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Fractographic and metallographic investigations as 
well as measurements of the changes in the 
mechanical properties were performed to support 
conclusion of local melting. 

Thus the results of the experimental 
investigations (properties, structure, quality of the 
interparticle junctions) confirm the theoretical 
calculations as to local increase of temperature in 
the region of the interparticle contacts during 
electric contact sintering resulting in the formation 
of the liquid phase in contact sites. This, in turn, 
results in a formation of more large-sized 
interparticle junctions having more perfect 
structure and geometry. As a result of that the 
ductile pit-shaped interparticle failure occurs 
during fracture. Therefore the mechanical 
properties of the samples sintered by the electric 
contact method are considerably higher than those 
of ones obtained by the usual furnace sintering. 
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SOME ASPECTS OF PLASTICITY OF FINE-GRAINED TITANIUM 
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Conventionally Ti and its alloys arc used 
where the high unit strength and good corrosion 
resistance play a main role. Among the properties 
interesting to a physical metallurgy and physics of 
metals, we can select the followings: small number 
of slide systems, mechanical twinning in addition 
to already operating slide during plastic defor- 
mation, phase transformation and bound with it 
behavior of deformation structure and others. In 
case of fine-grained Ti (d<10 urn) peculiarities of 
strain at low temperatures conditioned by presence 
of material texture or super-plasticity occur. 

The aim of present work was the analysis of 
peculiarities of structure formation at deriving of 
titanium condensates and examination of parame- 
ters of grain boundaries hardening in commercially 
pure titanium at room temperature in wide interval 
of grain size. Different grain sizes were obtained 
both by deformation with thermal treatment and by 
evaporation and condensation of titanium in 
vacuum (physical sedimentation - PS) [1]. 

As a host material we use Ti-alloy VT1-0 
(commercially pure titanium). After rolling and 
«crystallization thermal treatments samples for 
tensile tests with different (15... 100 urn) grain 
sizes were prepared. The same alloy was applied in 
a molten state to consequent pulverization and 
sedimentation to obtaine by PS method fine- 
grained titanium condensate (2...3 urn in diameter 
and 20... 30 urn in length at condensing 
temperature 600...60 °C). The regime of PS was 

following: temperature in an interval 0,3...0,5 Tm, 
velocity of condensation of steam of titanium on 
steel substrate -14 um/min. All key parameters of 
process were expressly selected for titanium. 

For stabilization of a composition and 
deriving of grains in interval of sizes from 3 up to 
50 microns the heat treatment under lower than 
phase transformation temperature (400...700 °C) 
were used. The typical structure of condensate 
obtained by scanning electron microscopy (SEM) 
is shown on fig. 1. 

As an initial curve for grain size dependence 
of Hall - Petch (fig.2) the already known literary 
data on titanium [2] which were confirmed in 
present work was utilized. Tensile tests of all 
specimens were carried out at 20 °C with strain 
rate 1,5*10"3 s"1. SEM and optical microscopy were 
used for monitoring of grain size. The texture of 
samples was studied by X-ray method , and 
transmission electron microscopy (TEM) to 
analysis of plastic deformation in fine-grained Ti 
condensate was used. 

The first obtained result was a little bit 
unexpected. Data of tensile tests of all specimens 
obtained by PS method appeared in 1,5...2 times 
above expected grain size dependence (fig.2). 

In one of last models [3] (deformation one), 
the following equation for coefficient of grain size 
hardening Ky in the Petch-Hall expression was 

proposed: Ky = 3 xc M Am 4r , 
where xc is critical shear stress, M is Teylor's 

a -Deformed & 
recrystallizec 

o -Bunshah 

a -Bunshah (liter) 
* -VT1-0 sheet 

u .-in       \,i 
d    ,mm 

Fig. I. Structure of Ti condensate. Section is 
perpendicular to sedimentation surface. SEM, x500 

Fig.2. Dependence of yield point of VT1-0 on 
grain size at different modes of deriving and 
treatment. 
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orientation factor, Am is Shmidt's orientation 
factor and r is constant with dimensionality of 
length. 

The factor M defines a level of yield stress of 
material for given polycrystal. Magnitude Am, on 
definition [3], reacts only on disorientation of 
optimum oriented slide systems of two neighbour 
grains due to necessity of fulfillness during plastic 
deformation of polycrystal. 

The experimental research of textures was 
carried out on Schulz procedure (on reflecting). 
Polar figures (fig.3) are obtained with declination 
up to 70° (a dotted line). For comparison the 
textures were studied in two cases: (a) in a sheet 
after strain and recrystallization annealing and (b) 
in material made by PS method. For first case the 
polar figure (0002) indicating the strong anisotropy 
is obtained (fig.3, a), its arises during rolling of 
given alloy up to big enough level of strain (e > 

0,5). It is rolling texture of (000l)[1010] type, 
and rolling direction coincides with axis of sample 
(or with tension direction ) at consequent tensile 
tests. 

For sample made by PS method, polar figures 

(0002), (1010) and (10 U) were studied. On 

polar figures (0002) and (1011) we can't saw the 
presence of any preferential orientations, This fact 
testifies to random allocation of normal lines of the 
relevant  planes.   As   against,   the   polar  figure 

(1010) represents (fig.3, b) an axial grown texture 

of (1010) type, that uniquely speaks about 
preferential grown in crystal along direction of 
normals to planes of a prism {1010} [4]. 

The results obtained in work permit to derive 
the following conclusions: 

1. The grown texture which is formed in 
sedimented from vapour phase condensate leads to 
substantial growth (1.5...2 times) of yield stresses 
of fine-grained titanium and, most likely, due to 
the influence on the Teylor's orientation factor of 
given material. However such texture considerably 
differs from texture of conventional sheet after 
thermomechanical treatment, and it does not allow 
to use the obtained results for build-up of 
dependence of grain size hardening on fine-grain 
sizes. 

2. In titanium, deposited from a vapour phase, 
numerous micro-pores by a size from 0,05 up to 
0,1 microns are observed in grain bodies (but not 
just on boundaries). 

3. Under plastic deformation of fine-grained 
titanium the formation of dislocation cellular 
structure that functionally necessary for assimila- 

tion of shift and rotary modes of strain is delaying. 
In this connection there is a supposition was made 
that in a fine-grained material the role of 
boundaries of grains and a role of a cellular 
structure in part may be superimposed, that 
promoted by a state of a material. This one is close 
to a state having a super-plasticity behavior. 

Fig.3. Textures of Ti samples in initial state 
a) strain and recrystallization, a polar figure (0002) 
b) sedimentation from a vapour phase, a polar 

figure (1010). 
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The intermetallics Al3Ti and Al3Zr possess 
many attractive characteristics, such as a relatively 
low density (3.388 and 4.140 g/cm3, respectively), 
increased oxidation resistance and high melting 
temperatures. These properties make these 
materials to be very attractive for use in high 
temperature applications. 

Both compounds have similar atomic 
structures (i.e. D022 in Al3Ti, D023 in Al3Zr) with 
the same tetragonal space group of I4/mmm. 
Relative structural stability of these phases is 
determined by (i) mean value of valence electrons 
per atom, (ii) atomic radius ratios of the 
components, (iii) existence of internal stresses in 
specimen [1]. At certain combinations of these 
factors, the D022 H D023 structures can be present 
simultaneously or partitioned with other phases. 
For example, transformation of the tetragonal D022 

into a cubic Ll2 phase (space group Pm3m) in the 
Al3Ti intermetallic alloyed with Cr, Mn, Fe, Co, 
Ni, Cu, Zn, Ag and Pd was reported [2]. 
According to [1, 3], the cubic symmetry of the Ll2 

structure makes it more ductile, as compared to 
D022. In addition to the above mentioned 
structures, a polymorphous modification of the 
D022 structure with the quadruplicate lattice 
spacing c was reported for the Al3Ti intermetallic 
[4, 5]. This phase was designated as Al24Tig [4]. 
The temperature range of existence of this phase 
was 585-638°C in the alloy of the stoichiometric 
composition, and it extended up to 950°C in the 
alloys with higher concentration of Ti [5]. 

In the present work, an in-situ XRD method 
was used to study phases in the Al3(Tii.xZrx) alloy 
system in temperature range of 20-1100°C and the 
composition range, x, of 0-1. Hardness and plastic 
properties of these alloys were also determined. 

The alloys were produced by arc melting in a 
purified argon atmosphere. X-ray analysis of 
specimens, in as cast and grinded in an agate 
grinder conditions, was conducted using a DRON- 
UM1 diffractometer with monochromatic Cu Ka 

radiation . A graphite single crystal was used as 
monochromator. 

High temperature X-ray investigations were 
performed in helium atmosphere, using a UVD- 
2000 add-on device. Scanning step was 28=0.05°. 
A DBWS-9411 software was used to conduct full- 
profile analysis of the diffraction patterns and 
determine lattice parameters of the phases. 

650° C 

JjJ ^JL 

»h*A«...*L*J 

* - AI2,Ti8 

-LJ1 

iiwcL^J vA*-J 
40 50 60 

2Thetar 

Fig. 1. XRD - Pattern (a) of the sample Al3Ti at 
temperatures 20 and 650°C; (b) of the sample 

Al3(Tio.84Zr0.i6) at temperatures 20, 600 and 700°C. 

In addition to main diffraction peaks from the 
D022 structure and weak peaks from the FCC 
aluminum lattice, series of additional peaks were 
registered on the diffraction pattern of the AI3Ti 
cast alloy, as it is shown in Figure la. The 
additional lines which do not belong to the D022 
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and FCC structures, were identified satisfactorily 
as pertaining to a low temperature polymorphous 
modification Al24Ti8 [4], with the parameters of 
the tetragonal lattice a = 0.3875 and c = 3.384 nm. 

The Al24Ti8 phase was detected only at 
temperatures below 650 °C, and above this 
temperature the XRD peaks from this phase were 
not revealed (Fig. la). This phase also was not 
observed after heating the specimen to a 
temperature above 650°C and following cooling to 
room temperature. However, the Al24Ti8 phase was 
detected again after grinding of these annealed 
specimen. It was therefore suggested that 
formation of the Al24Ti8 phase is initiated by 
internal stresses formed in the surface layer during 
grinding. To prove this suggestion, the grinded 
material was treated with a hydrochloric acid to 
remove the deformed surface layer. After this 
treatment the XRD lines from the Al24Ti8 phase 
indeed disappeared. 

Mechanism of D022 -> Al24Ti8 phase 
transformation, is related probably with shear 
processes. In order to obtain the Al24Ti8 structure 
from Al3Ti, necessary each second unit cell should 
be shifted in Al3Ti on vector l/2(a+b) in (001) 
plane. Positional parameters in these structure 
Al24Ti8 are given in table. 

Tab 

Com- Atom Position x/a v/b z/c 
pound • 

Al(l) 4c 0 1/2 0 
Al(2) 4d 0 1/2 1/4 
Al(3) 4e 0 0 0.1875 

Al24Ti8 Al(4) 4e 0 0 0.4375 
Al(5) 8j 0 1/2 0.375 
Ti(l) 4e 0 0 0.0625 

Ti(2) 4e 0 0 0.3125 

The D022 and D023 structural types are the 
main structural constituents of Al3(Tii.x,Zrx) cast 
alloys. At 0% Zr, the Al3Ti compound has the 
distinct D022 crystal structure. The D023 phase 
(Al3Zr type) is detected when some titanium in the 
Al3Ti compound is substituted with zirconium 
atoms. The volume fraction of the D023 phase 
increases rapidly from 0 to 90% when the atomic 
fraction of zirconium, X, increases from X = 0 to 
0.24. At X * 0.5 or higher, the D023 is the only 
phase detected by XRD. 

Presence of zirconium in alloys causes also a 
peculiar passing of the phase transformations at 
high temperatures. These peculiarities were 
studied in the present work for alloy 
(Al3Tio.84Zro.i6),   containing   equal   quantities   of 

phases with D022 and D023 structures in initial as- 
cast state, formed at arc melting in conditions of 
fast cooling. 

X-ray "in situ" investigation of this specimen 
at heating to 1000°C followed by cooling has 
permitted a consecution of phase transformations 
of D022 and D023 structures to be determined (Fig. 
lb). It was shown that heating to600°C followed 
by holding for 1 hour at this temperature causes 
increasing of D023 phase quantity to 70%, and in 
temperature range 650-700°C this increasing is up 
to 95 % (Fig. lb). At heating to higher 
temperatures (1050-1100°C) structure transition 
Do23 -> D022 is registered. Content of these phases 
becomes at that to be equal approximately to that 
of the phases in cast alloys, cooled in arc furnace 
on copper bottom. Following cooling and holding 
of the alloy at 650°C gives rise to D022 -> D023 

transition again. 
Hardness of Al3(Ti,.xZrx) alloys appeared to be 

significantly lower, than hardness of Al3Ti and 
Al3Zr alloys. At the same time plasticity 
characteristic SH [3] is lower for Al3Ti and Al3Zr 
that for Al3(Ti,.xZrx) alloys. 

Conclusion 

A low temperature phase modification 
Al24Ti8 was also detected in the surface layer in the 
temperature range below 650 °C and it was found 
to be a result of the surface grinding. The phase 
transformation of a tetragonal structure D022 into 
another tetragonal phase D023 was observed at the 
zirconium content of 1 at.% and above. On 
cooling, this transformation occurred in the 
temperature range 600-650°C. The inverse 
D023 -»• D022 transformation was found to occur on 
heating at temperatures 1100°C and above. The 
addition of both Zr in Al3Ti intermetallic and Ti in 
Al3Zr causes hardness decreasing and increasing 
of the plasticity characteristic. 
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Zr is usually added to Ti-alloys to increase 
their workability and corrosion resistance. Two 
isothermal sections, at 1200 and at 1050°C were 
published for the Ti-Zr-Si system. Equilibria at 
crystallization are unknown. Very scarce 
information is available on phase relationships in 
the Ti-Zr-Si-Al system. Thus, the goal of this 
report is to present results of our examination of 
Zr influence on the structure and properties of as- 
cast Ti-Si alloys and of Ti-Si-Al alloys, both as- 
cast and annealed. 

The most prominent feature of the Ti-corner 
of the Ti-Zr-Si system is appearance of the ternary 
eutectic L ±* <ß-(Ti,Zr)> (ß) + (Ti,Zr)5Si3 (Z) + 
(Ti,Zr)2Si (S2) at the composition ~80Ti-10Zr- 
lOSi The eutectic temperature was determined to 
be ~1330°C. Three in-coming reactions are the 
following: L <-> ß + Z; L <^ ß + S2; L + Z <-> S2. 
Location of the corners of appropriate three-phase 
field were established. ß+S2 eutectic was found to 

be finer than ß+Z, that might promote higher 
plasticity of the samples. 

Silicon content in the solid solution was 
found to drastically decrease versus zirconium 
growth. At Zr concentration about 15 at.% Si 
content in the solid solution is close to zero. 

Wide two-phase fields ß + S2 and a + S2 
occur in the system, ß<H>a-transformation 
temperature decreases when zirconium content 
increases. At Zr concentration more than 30 at.% 
the three-phase field a + ß + S2 should have the 
temperature minimum. 

Al additions increase this temperature 
significantly. However, in the quaternary system 
additional low-temperature equilibria (700-800°C) 
take place. 

In the whole, the character of phase equilibria 
in the Ti-corner of the quaternary Ti-Zr-Si-Al 
system is similar to that in the ternary Ti-Zr-Si. 

Microhardness of the primary phases and of 
eutectic mixtures was measured. 
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PHASE EQUILIBRIA AND THERMODYNAMICS OF THE PHASES 
IN THE R-PB BINARY SYSTEMS 
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Available information on the crystal 
structures, phase diagrams and thermodynamics of 
alloys (both solid and liquid) in the R-Pb (R = rare 
earth metal) binaries is considered. Revealed 
regularities of physico-chemical interaction in the 
R-Pb systems are being compared with those 
previously discussed for the systems R-Si [1], R- 
Ge [2], R-Sn [3]. 

At present 9 experimentally constructed 
phase diagrams are known (Sc, Y, La, Pr, Eu, Gd, 
Dy, Yb, Lu). Information on thermodynamic 
properties of solid and liquid R-Pb alloys is 
scarce, as well. Analysis of the available 
information on R-Pb systems together with that 
for R-Si, R-Ge, R-Sn systems [4] allowed us to 
find out the following peculiarities of R-Pb 
systems: 

1. Mutual solid solubility of the 
components is no more than 1 % (at.) at 
subsolidus temperatures. 

2. All the systems are characterized by 
formation of several compounds: 2 for 
the Sc-Pb, 7 for the Pr-Pb. All these are 
the line phases, except Y5Pb3, Gd5Pb3 

and Dy5Pb3. The last have narrow (no 
more than ~2 % (at.)) homogeneity 
regions at near melting temperatures. 

3. The following stoicheometries are more 
typical for R-Pb systems: R5Pb3 (17 
compounds), R5Pb4 (14), RPb3 (16). In 
contrast to R-Si [1] and R-Ge [2] 
intermetallics, the crystal structure of 
isostoicheometric compounds does not 
change along the row of rare earths. 

4. R5Pb3 are the most refractory compounds 
in all the systems. For the systems of 
heavy rare-earths {Sc,Y,Gd,Dy,Lu} - Pb 
these are the only congruently melting 
compounds, as well. In the systems of 
light rare-earths (La, Pr) RPb3 

compounds melt congruently in addition 
to R5Pb3. 

5. Equilibrium with Pb is degenerative and 
takes place at 320-329°C. 

6. The temperatures of uni-type equilibria 
gradually change along the lanthanide 
row and correlate with the melting points 
of pure rare earths. 

It is known that these are congruently 
melting compounds defining both shape of the 
phase diagram and concentration dependence of 
thermodynamic functions. On the basis of this 
fact and of above regularities we have made the 
prognosis of 8 unknown R-Pb phase diagrams and 
of unmeasured values of thermodynamic 
functions of plumbides formation. 

Peculiarities considered are typical for the R 
systems with normal valency (+3). Bivalent Eu 
and Yb interact with Pb in a different way, more 
similar to Ca and Ba. This is reflected in the 
character of phase diagrams and in the values of 
thermodynamic functions. 
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THERMODYNAMIC PROPERTIES OF BISMUTH SELENIDES AND 
TELLURIDES AND QUASIBINARY SYSTEM Bi2Se3-Bi2Te3. 
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Materials based on halcogenides of 
metals are promising for the needs of 
optoelectronics and microsensor apparatus. 
Semiconducting compounds of A2B3 type 
where A and B are the elements of group V 
and VI, respectively are of the same class of 
materials. These compounds are being used 
successfully in thermoelectric apparatus during 
few last decades. Recently, the compounds 
possessing the structure of chalcopyrite or 
purite was shown to be used in photoelectric 
apparatus. 

Practically, the more complicated 
compounds formed from semiconducting 
binary compounds are more promissing. This 
fact is due to that the properties of multi- 
compounds system change in wide ranges and 
one can obtain the material with needed 
characteristics by composition changing. 

In the present paper the thermodynamic 
properties of bismuth selenides Bi2Se3 and 
bismuth tellurides Bi2Te3 and their mutual 
solid solutions have been studied. The Gibbs 
energies, enthalpies and entropies of formation 
of the alloys was determined using the 
measurements of EMF concentration galvanic 
cells within the temperature range 300-540K. 
The low temperature heat capacity were 
measured by using adiabatic method with 
current heat input in vacuum with the 
temperatures 60-3 00K and the standard values 
of thermodynamic functions nave been 
calculated. 

The enthalpies of individual compounds 
and their solid solution were measured by 
mixing method of high temperature 
differential calorimeter from room temperature 
up to the melting temperature. 

The obtained experimental data for the 
individual compounds are listed in the tables. 
They are in agreement with published 
literature values. 

Table 1. Gibbs energy, enthalpy (kJ-mol 
at'1) and entropy (J-mol at."1 K"1) of formation 
of Bi2Se3 and Bi2Te3 at 359K. 

Compound -A|G -AfH -AfS 
Bi2Se3 28,65 

(±142) 
29,0 

(±0,8) 
0,93 

(±2,09) 
Bi2Te3 22,28 

(±0,18) 
19,9 

(±1,9) 
6,6 

(±5.3) 

Table 2. Enthalpy (J-mol"1), heat capacity, 
entropy and reduced Gibbs energy (J-mol"1 

K"1) of Bi2Se3 and Bi2Te3 at 298,15 K. 

Compo- 
und 

H^T)- 
-H°(298,15) 

Cpu(T) S°(T) <D°(T) 

Bi2Se3 28278 
(±142) 

124,53 
(±0,50) 

215,1 
(±1,8) 

120,3 
(±1,8) 

Bi2Te3 31048 
(±156) 

126,19 
(±0,50) 

256,6 
(±2,1) 

153,6 
(±2,3) 
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The enthalpies of mixing of binary liquid 
alloys of Co-Ce and Co-Sm alloys were 
measured by isoperibolic calorimetry. The 
experimental data show exothermic effects of 
alloy formation, in agreement with previously 
measured enthalpies of mixing of cobalt with 
the lanthanides (Ln). The values of the limiting 
partial enthalpies in the Co-Ce system are 
(kJ/mol) at 1850K: AHCe =-87,6 ±5,8 and 

AHc0 =-34,0±2,9. In the Co-Sm system 

Hc0= -50,5 ±3,9 at 1400K. The tendency of 
increasing absolute values of A Hi for Co-Ln 
melts traversing the row of rare earths metals 
has been established. Cerium was shown to 
display non-integer valence in alloys with 
cobalt (between 3 and 4) due to s-f 
hybridization near the Fermi level. 

The cerium mixed valence model has 
been used to explain the results of 
thermochemical measurements in Co-Ce liquid 
alloys. 

The significant negative enthalpies of 
mixing of lanthanides with cobalt can be 
explained by a transfer of 5d electrons from 
the lanthanide to the depleted cobalt d shell. 

In the case of Co-Ce systm there is a 
significant difference beyween the Fermi 
energies of the compo-nents: about -3,3 eV for 
Ce and -4,4 eV for Co. Therefore, the alloys 
of cobalt with lanthanides should be formed 
with large exothermic effect. 

AH 

-i—i—i—t—"i—T—^"i    ■    i   T~~i~~r" 
La Ce      Nd      Sm      Gd      Dy      Er       Yb Lu 

Variation  in  the   AHt    data  through  the 
lanthanides row for Co-Ln alloys (kJ/mol). 

+Hl -AH Ln 
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INFLUENCE OF IRON FAMILY ADDITIONS FOR ADHESIVE 
CHARACTERISTICS AND FORMATION INTERPHASE BOUNDARIES IN 

THE SYSTEM CR-CU 

Lesnik N.D., Minakova R.V., Homenko E.V.. 
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New demands on composite materials in the 
systems Mo(W)-Cu require their characteristics to 
further improve. Effective method of improving 
the characteristics of these materials is 
strengthening of structure components and their 
boundaries by alloying. The alternative wav is to 
find out new materials on the base of systems with 
different physical-chemical characteristics, for 
instance Cr-Cu. Powder composite materials in 
these systems may be intercstiue for welding. 
energetic, electrical engineering applications. 

The paper seeks to stud) adhesive interaction 
in system Cr-Cu and effect of additions Fc; Co. Ni, 
and Si (up to 10 %mass.) on spreading of copper 
over Cr surface adhesive characteristics and 
formation of interphasc boundaries. The choice of 
alloying elements was limited by both increasing 
adhesion characteristics in the contact pair 
refractory component-mclfine metal and 
strengthening low melting composite components 
(at insignificant changing copper electrocondue- 
tivitv). In addition, the composite materials 
structure with alloying additives made by liquid 
phase sintering or impregnating Cr porous samples 
with pure copper or its alley's (Cu + additions), 
were investigated. 

The structure and phase composition of 
interphase volume (formed in the spreading drop 
process and when contact pair was cooled) were 
studied by the up-to-date analytical methods: local 
X-ray spectral analysis (EMPÄ) and metallography 
(scanning electron and optical microscopy). 

The experiment included the following, stap.es: 
the refinement of wetting technique in system in 
question, the investigation of Cr vettlna, bv Cu and 
Cu-Cr alloys (up to 6 % mass Cr) and Cu- 
addition alloys and forming of interohase 
boundaries in vacuum (2 - 4) ■ HC Pa at the 
temperature region 1373-1573 K: optimization of 
the condition for preparation Cr - Cu composites at 
the liquid phase sintering and investigation of 
impregnating samples structure. 

The wetting of Cr by pure Cu and Cu-Cr 
alloys was studied by variation of rested drop 
method, with separated heating of the samples and 
activation    their    contact     at    temperature    of 

experiment. The contact angles were determined 
by measuring of shadow view of cooled drop. 

Good wetting, high value of adhesion work 
and weak temperature dependence of contact 
wetting angles (2340-2300 m.!/'ni2 in the 
temperature rage 1373-1573 K) characterize the 
system in question. Complete wetting of Cr by Cu 
was not observed: the contact angle in all cases had 
a finite value (0 < 90 degrees) | ] j. 

The component of contact pare volatilizes at a 
high rate under the experiment condition. The 
temperature (where vapor pressure reaches ICC Pa) 
is equal for Cu and Cr 1180 and 3219 K 
correspondingly. In this connection the 
contribution of the phase spreading in the process 
of substance propagation over surface is 
comparable with contribution of evaporation- 
condensation Preliminary saturation of Cu bv Cr 
do not caused of the wetting change, what it is 
evidence of high-speed solution of substratum 
substance in melt and spreading of saturating melt. 

Composite materials on the base of Cr-Cu 
(50:50 by mass.) was prepared by mechanical 
mixing of Cr and Cu powders, pressing and 
impregnating of porous specimen by Cu. Content 
of refractor} component in the composite 
corresponded to the development of the biggest 
capillary forces, that affected particles with liquid 
phase between them in the disperse system 
refractoiy component-low melting metal. 
Impregnation was carried out at the surplus 
pressure of technical hydrogen and hydrogen 
received by decomposition TiH: in vacuum. In this 
work the powders of electrolytic chromium and 
chromium   received reducins chromium 
oxide by CaR was used. Microstructure of Cr-Cu 
composite was studied by modern analytical 
method. It was establish.ee!. that if specimens were 
prepared by Cu impregnation in the technical 
hydrogen large area without wetting of refractory 
particles surface was observed in the fracture 
surface Impurities: S. O. C, N, Ca. Na. C! were 
present on the non-wettina surfaces. The area 
without wetting by the melt metal were absented in 
the specimens prepared from electrolytic refined 
Cr-powder. high quality Cu in the vacuum- 
hydrogen (TiH:) medium. 
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By spreading and wetting experiments it was 

established that addition in question are interphase 
active and they improve adhesive characteristics in 
Cr-Cu systems, for example, 2600 mi! m2 in the 
system Cr - (Cu+7 %mass. Si.) The concentrate 
enrichment of interphase boundary volume by 
alloying elements in contact pair Crs - (Cu+Fe)i. 

Crs - (CU+CO)!T Crs- (Cu+Si); was detected (Fig 1). 
The structure and composition of the interphase 
lavers are varied with additions and reflected the 
character of the phase equilibrium in the 

corresponded metallic systems. 

is fixed in contact pair Cr, - (Cu+Si)i at 1150°C 

with around 70 p.m. It was possible to observe two 
layers with different properties (hardness) and 
chemical composition. The intermetallic layer at 
the interphase near Crs can be formed in solid state 
by mechanism of reactive diffusion in distinction 
from layer at the interphase near the low 
temperature component of the contact pair 
crystallization. It was noticed that structure of the 
transition layer in contact pair Cr, - (Cu+Fe)j and 
Crs - (Cu+Si)] are sufficiently similar. But in this 
case thickness of the layer sixtimes smaller (10-15 

Um) then thickness Crs - (Cu+Si)s contact pair 
layer. A well defined and rish Co layer was formed 
at the liquid solid interphase in contact pair Crs - 

(Ca+Co), 
(with around of 40 u.m). No reactivity is observed 
at the Crs - (Cu+Ni)j contact pair interphase layer. 

It was found out the phenomenon Cr-particie 

dispergation in the microstructure of the 
Crs - (Cu + additions)} composition compacted in 
the presence of liquid phase ( for electrolytic 

powder) [2], 

SUMMARY 
Trie results of investigation of addition effect 

on adhesive characteristics and interphase boun- 
daries formation in Cr-Cu systems were summari- 
zed. Peculiarities of interphase structure formation 
and microstructure of powder composition com- 
pacted in the presence of liquid phase were stu- 
died. Cr-particle dispergation in the microstructure 
of investigated Cr-Cu composition was detected. 
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Fig.l  The R-x     microscopic images of interphase 
boundaries    after wetting    experiments (at  1200°C„ 
2 min), in contact pairs Cra-(Cu+Si)i, Ka Si (a); 
Cr,-(Cu+Fe)>.Ka Fe (b): Cr5-(Cu+Co)i , Kot Co (c). 

The     most     extended     interpfase     layer 

tintermetalHc nature) was found in the contact pair 
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Silicon carbide is considered for sorption and 
membrane separation thanks to the inertness to 
chemicals, stability at high temperature and 
abrasion durability. Carbon promotes the sorption 
of organic impurities in fluid as a filter[1,2\ 

The microporous silicon carbide is expected 
to have high temperature stability because of high 
melting point of SiC, Tmc,t=2,540°C. And the SiC 
sintering temperature is as high as 0,8 Tmc)t 

f3], 
while those of the ultra-dispersed powders of TiN 
and A1N is about 0.45 Tmcll 

|4]. The reactive SiC 
synthesis is promising to obtain microporous 
materials [5l 

The synthesis of porous SiC in reactive 
system Sis + Cs = SiC was studied. The influences 
of specific surface of reactive mixture, pressing 
and thermal conditions were studied with 
characteristics of permeability, durability of 
samples. 

The mixtures with surface 40-120 m2/g were 
obtained through the grinding in high energy ball 
mill. As shown in the Fig. 1 dependence of the 
specific surface of reactive mixtures had sharp 
maximum. 
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Fig 1. Dependence of the specific surface of reactive 
mix on grinding time in high energy ball mill 

As shown in Table. 1 we obtained the samples 
with porosity of 45-60%, pore size up to 0,3 um 
measured by the bubbling method and specific 
surface of 40 m2/g. 

With the increase up to 40 m2/g of specific 
surface of sintering mixture the sintering time and 
temperature and isotherm reaction time were 
increased comparing to initial mixtures of high Ssp. 

Mechanical strength and shrinkage absence 
during synthesis needs the frame of more hard 
melted, graphite-added mixtures and then the 
quick SiC reaction is realized in high-dispersed 
mixtures. 

Table 1. SiC specific surface synthesized in argon 
with reaction mixtures and types 

^sp 

of 
mix, 
m2/g 

Pressure 
of 

pressing, 
MP 

Sintering 
T, °C, t, h 

Poro- 
sity, 
% 

■L'por; 

um m2/g 

85 50 1600-1 61 0,5 5,9 
85 100 1600-1 58 0,47 6,5 
85 150 1600-1 54 0,41 11,0 
32 50 1300-2 57 0,5 24,2 
85 50 1600-0,5 57 0,36 8,2 
32 50 1600-0,5 56 1,0 2,3 
85 - 1600-2 58 0,56 3,6 
61 50 1150-0,33 47 - 28,7 
115 50 1150-0,33 54 - 37,9 
115 50 1650-0,17 59 - 2,6 
46 50 1650-0,17 50    3,7 

X-Ray analysis data (fig.2) showed that the 
change of mixture into high dispersed state (Ssp = 
115 m2/g) by grinding provide synthesis of SiC 
during 0.33 hours at 1150°C in argon. If Ssp = 61 
m7g there is essential quantity of non-reacted 
silicon. 
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Fig 2. X-Ray diffraction (I, K„Cu) of SiC samples, 
synthesized in argon medium as per modes: 1 - 
1650°C-0.17h; 2- 1150°C-0.33 h; 3 - 1150°C - 
0.33 h. Ssp of reactive mix, m2/g 2-61,1,3 - 115. 

Table 2 shows the nitrogen isotherm sorption 
of samples. 

Table.2. Pore structure of SiC by N2 adsorption 
isotherm 

of water solutions from the organic molecules such 
as methylene blue and phenol. 

With porosity 50% (at Ssp = 30 m2/g; Ssp
v = 50 

m2/cm3) the effective pore radius estimated to be 20 
nm by formula rp = 2P/Syfl„ which is comparable to 
hydrogen -selective nanoporous membranes. 

Therefore, there is possibility of low-temperature 
synthesis of porous silicon carbide with high specific 
surface (up to 40 m2/g) with micropores. 
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SspOfmix, 
m7g 

85 85 32 115 46 

Sintering 
T,°C 

1600 1600 1600 1150 1350 

Sintering 
x,h 

1 2 0,5 0,33 0,5 

Sintering 
medium 

Ar Ar Ar Ar co2 

Porosity, % 61 - 57 54 47 

SBET , m7g 6,1 8,6 18,5 37,9 20,7 

SMi, m7g 3,8 6,8 16,2 30,0 17,3 

VMi, cm7g 0,003 0,004 0,007 0,015 0,009 
VMe, cm7g 0,008 0,012 0,019 0,045 0,029 

Ws, cm7r 0,011 0,016 0,026 0,060 0,038 

rn, nm 3,6 3,7 2,8 3,2 3,7 

As the dimension of micropore (radius) is 
about  2,8-3,7 nm, this may be used as for a filtering 
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NEW TRENDS IN SUPERHARD MATERIALS SCIENCE 

Ilyasov V. 
Don State Technical University, Rostov-on-Don, Russia 

The problem of creation of superhard materials on 
a basis cubic boron nitride remains urgent at the 
moment. The successful search of new materials 
requires the understanding of the laws of formation 
of the chemical bonding, determining their high 
mechanical properties. The analysis of the 
tendencies of reception both formation of 
properties of composites and opportunities of 
designing of superhard materials with of new by 
properties on the basis of parameters of the 
electronic structure of a material is carried out. 
The scientific concept of designing of new 
materials with and by properties is developed 
which includes physical principles of modeling of 
electronic structure of composites of complex 
structure and structures, theoretical method of 
account of density of electronic condition of a 
material, technique of account of energy of 
chemical bonding, physical and mechanical 
properties, technique of computer modeling of 
sttucture of superhard material. By result of 
scientific development formation of physical bases 
of creation new superhard material, determining a 
new perspectiv direction in structure of metallurgy 
was. Practical use of the given approach has 
allowed to define the peculiarities of chemical 
bonding in composites of difficult structure and to 
open an electronic nature of mechanical properties 
in them. 
The study of electronic structure of complex 
substances usually represents a difficult problem, 
including both experimental, and theoretical 
researches of electronic structure and physical 
properties of the given connections. Composites, 
received usually by the methods powder 
metallurgy, have high dispersion. The part of metal 
atoms (and their connections) will form a matrix, 
but some of them penetrate into grains of a 
refractory phase. On borders grains, for example c- 
BN, there are the exotic phases, for example as 
A1B,2 or crystals of complex structure. Along with 
with many factors, determining individual 
properties of composites on a basis with c-BN is 
impossible to exclude probability of partial 
replacement by atoms - components of the 
positions N or B in the lattice c-BN; i.e. formation 
on the basis of cubic boron nitride of limited firm 
solutions, keeping structure of an initial of a matrix 
c-BN.   However,   there   is   no   theory   clearly 

explaining   mechanisms   of   interaction   at   an 
electronic   level   of • various   components   as   in 
connections    of   complex    structure,    and    in 
composites on a basis boron nitride. 
At development of physical principles of modeling 
of superhard materials were based on the following 
rules[l]: 
1. The change of zoned structure in new materials, 
in the first approach, is possible to consider as 
caused imposing of zones, connected to zones an 
initial component, and density of condition is 
defined by the contributions of the appropriate 
zones of components in the same parity, as 
concentration appropriate a component of a 
superhard material: 

N(E) = C,-Nl(E) + (l-C1)-N2(E), 
Where Q   - concentration  of the  first system, 
making a basic matrix, Ni - complete DOS of i- 
that system; 
2. Establishment of laws of formation of electronic 
structure and chemical bonding in base refractory 
materials allows to simulate on their basis new tool 
materials. 
3. In systems as BN-Me there is the high robability 
of replacement of vacancies boron and nitrogen by 
atoms of 3d-metal, as the electronic configuration 
last corresponds to positive ions, covalent the 
radiuses of which are commensurable with 
radiuses of atoms boron and nitrogen. Thus, at 
introduction of transitive 3d-metal in c-BN are 
kept structure and parameters of an elementary cell 
c-BN. 
4. Increase of density of electronic condition 
(DOS) at a level Fermi in superhard materials as 
BN-Me/TiC can specify occurrence in them of 
metal making chemical bonding and indirectly to 
characterize increase of resistance of superhard 
materials. 
5. In tool materials with dot and volume defects 
arises some DOS at a level Fermi, and in solutions 
of replacement is observed some nonlocalization of 
electronic condition of top valence band. 

In the present work is used model of a «solid 
state», which is defined following: 

- the structure and parameters of a cell c-BN are 
kept at introduction in him of transitive 3d-metal; 

- at replacement of atoms boron and the nitrogen 
by metals of formation of other phases does not 
occur. 
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Using advanced physical bases and accepting 
the advanced concept of change of structure of 
system by means of partial replacement the atoms 
of metal of positions of nitrogen and boron in an 
elementary cell c-BN develop the block diagram of 
the basic stages of designing by it of difficult 
structure. 

Results of the complete characteristic of new 
superfirm materials and the development of bases 
of designing of superhard materials include _ a 
database about electronic structure, communication 
between peculiarities of electronic condition and 
parameters of durability of superhard materials. 
Some fragments of these data are resulted below. 

Effects of introduction allow flexibly to adjust 
physical properties of an initial matrix cubic BN 
and allows to enter metal making bonding, that can 
ensure increase of resistance of a material.  Is 
investigated character of influence, carried out s, p 
- elements on, on electronic structure cubic . afraid 
in system BNl-xMex (Me = Mg, Al, Si) [2]. Is 
shown, that in threefold systems BN- (Mg, Al, Si) 
increase of condition in to a strip is observed. The 
reduction  of chemical  communication  in them 
(rather binary c-BN) can be connected to partial 
breakage of chemical bonding in threefold system. 
The elastic properties of system BN-(Mg, Al, Si) 
raise, that will be coordinated with experiment. It 
correlates with downturn of statistical weight of an 
electronic sp3-configuration for atoms boron and 
nitrogen. Number and the intensity of maxima 
DOS  for BN-(Mg, Al,  Si) decreases, that can 
specify      increase       of      statistical       weight 
nonlocalisation electron in system. Is shown, that 
the character of influence of introduction s, p- 
elements on electronic structure is largely defined 
by peculiarities of a power rule of maxima LDOS 
of   an   introduced   element.    Character    curve 
complete DOS of top valence band in considered 
systems speaks about presence of influence s, p- 
impurity on width of a forbidden band. In the field 
of forbidden energy growth DOS takes place, that 
can  result  in  increase  a  heat-conducting.   The 
reduction of chemical bonding in comparison with 
binary c-BN can be connected to partial breakage 
of chemical bonding in threefold system, caused by 
reduction by quantity valence electrons, owing to 
introduction. 

In systems BN- (Mg, Al, Si) area forbidden 
energy narrower than in c-BN and density of filled 
condition electrons at a level Fermi appear 
significant, that conducts to essential change of 
major physical properties. Study of electronic 
structure cubic boron nitride at it doped by 
transitive 3d-metals, i.e. material on a basis BN- 

Me (Me = Ti, Cr, Mn, Fe, Ni, Cu), allows to make 
the preliminary conclusion about distinction of 
mechanisms of formation electronic structure of 
considered systems. In the given systems width 
valence band grows. Is shown [3], that in systems 
BN-Me transitive 3d-metals represent itself as 
positive ions, the covalent radiuses of which are 
commensurable with radiuses boron and nitrogen. 

Being based on physical principles of 
computer modeling and developed block diagram 
of the basic development cycles of structure 
superhard materials on data of account of their 
electronic structure and established communication 
between peculiarities of an electronic structure, the 
structure and properties of substance, and also, 
using a database about electronic structure of 
threefold materials, carries out modeling new 
perspectiv superhard materials: as (BN-Ti) / (TiC - 
V) and as (BN - Ni) / (TiC - V). The analysis them 
electronic structure shows, that varying 
concentration of systems, included in a composite, 
it is possible to predict occurrence of located 
electronic condition in a new material. Accounts of 
physical properties of considered above 
composites testifies to a real opportunity to 
supervise physical properties of simulated cutting 
tool materials. 

The spent computer modeling electronic 
structure of new materials on a basis (BN - Me) / 
(TiC-Me) opens ample opportunities in a 
theoretical prediction of physical properties of 
similar composites and development of his 
optimum structure for synthesis of new superhard 
materials with predicted properties. A basic 
opportunity and expediency of computer modeling 
of new tool materials, with theoretically predicted 
physical properties, and development of optimum 
structure of a powder for synthesis of new 
materials is shown. 
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STRUCTURAL TRANSFORMATIONS IN SURFACE LAYERS OF 
GRANITES IN DYNAMIC CONTACT ZONE 

Paschenko E.. Shilo A., Lazhevska O. 
V.N.Bakul Institute for Superhard Materials of the National Academy of Sciences of 

Ukraine, Kiev, Ukraine 

The granites widely used in facing and 
building usually are exposed to finishing 
machining: to fine grinding and polishing. The 
surface layer fonned in an outcome of such 
machining, also is the basic carrier of their 
aesthetic and, at a microlevel, physico-mechanical 
properties. At the same time a few who was set by 
the purpose to study a structure of this surface 
layer, as for facing works is usual visual evaluation 
of quality of a surface. Except for superficial 
properties, the structure of a treated stratum can 
much tell about processes happening in contact 
zone at grinding and polishing of granites, that 
represents practical interest for development of 
new finishing tools. These processes are 
substantially investigated for machining a glass 
and metals, and practically are not investigated for 
a stone. 

The granites of various deposits on 85-95 
% by volume consist of three basic groups of 
minerals: quartzes, calcium feldspars (such as 
anorthite) and alkaline feldspars (for example, 
microcline). The content of a microcline and its 
nearest analogs for all deposits is rather 
considerable and vary from 20 up to 60 % by 
volume. In whole by the phase structure the 
granites represent completely crystalline rocks, in 
which amorphous phase are absent in full. 

The method of X-ray phase analysis was 
used for the research of structural modifications in 
surface layer of granites of various deposits caused 
by their contact interaction with abrasive 
composites at polymeric binding during finishing 
machining. For all investigated samples the 
appearance of intensive amorphysation of a 
microcline and its analogs is fixed. Since defined 
critical magnitude of contact pressure, various for 
different structures of polymer-abrasive 
composites, on the rentgenograms vanishing of 
lines of alkaline feldspars (fig.l) is observed. Thus, 
according to datum of X-ray spectral 
microanalysis, the chemical composition of surface 
layer of granites during finishing machining docs 
not vary. 

Hence, as a result of shift strains in 
contact zone, explicatings on a phone of physico- 
chemical interaction with components of polymer- 

abrasive composites, in a surface layers of granites 
are formed new, amorphous phases. The IR-spectra 
of these phases in surface layers of a treated 
granite differ from spectra of crystalline alkaline 
feldspars by smaller intensity of bands of an 
absorption, that confirms the supposition about 
their amorphous structure. 

1  2 

1 - Si02 

2 - KAISi'Pg microcl 
3 - CaAl^i208 anort 

I   i   I JL. _L 
18,0 20,0  22,0  24.0   26.0   28,0 30.0 320 

2Tera Cu 
a 

19.8 21.0 22.2 23.4 24.6 25.8 27.0 28.2 
2TeTa Cu 

b 
Fig. 1 Rentgenograme of granite of Kapustynske 
deposit (a) and its surface layer, obtained after 
finishing machining (b) 
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They practically are similar to IR-spectra of an 
absorption of glasses of the appropriate structure. 
Nevertheless, the found out new phases differ on a 
structure from glasses having the relevant 
composition. The essential difference of their 
luminescent spectra confirms it. Besides the 
features of small-angle X-ray dispersion for 
detected amorphous phases allow to assume 
presence in their structure of a great many of 
vacuities by the size about tens nanometres, 
absolutely not characteristic for customary glasses. 

Thus, the new amorphous phases incipient in 
surface layers of granites during a finish machining 
are detected. On composition they are similar to 
initial crystalline minerals - feldspars, but on 
structure essentially differ both from them, and 
from glasses obtained by fusion of the relevant 
oxides. 

The major interest represents the mechanism 
of an appearance, detected by us, amorphysation of 
surface layers of a natural stone during dynamic 
contact with abrasive composites. At present time 
we spend intensive researches in this field. 
Nevertheless, already now it is possible to state, 
that the formation of amorphous layers of silicate 
and silica-alumina minerals during their finishing 
grinding is stipulated by intensive plastic 
deforming of their structure as a result of contact 
interaction  with  polymeric   composites.    The 

spectrums of relaxation times describing molecular 
mobility in surface layers of used polymeric 
composites, on the one hand, and in surface layers 
of explored granites, to another were compared. 
Thus was clarified,, that an obligatory requirement 
of intensive distorting action of a polymeric 
composite on a surface of granite is the presence at 
its structure of some share of kinetic devices 
possessing smaller molecular mobility, than 
silicon-oxygen tetrahedrons of surface layers of 
silica-alumina rock. 

The obtained results allow to state, that the 
registration of a relation of their hardnesses in 
traditional understanding of this property is 
unsufficient for exposition of contact interaction of 
materials of a different physicochemical nature. 
For exposition of contact interactions it would be 
interesting to enter and to justify concept of 
dynamic hardness or relative dynamic hardness of 
materials, founded on the registration of molecular 
mobility of kinetic unites of their surface layers. 

Under our judgement, the account of 
spectra of times of a relaxation of a contact pair of 
materials opens prospect of more deep 
understanding of the mechanism of plastic 
deforming of a treated surface in process of 
polishing and, accordingly, creates a possibility of 
a significant raise of effectiveness of finishing 
machining of a natural stone. 
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CALCULATION OF INTERNAL STRESSES IN THE COATINGS 
COHERENT WITH A SUBSTRATE 

Kosenko N.S.(1). Ustinov A.I.(I,2), Kosenko, P.N.(3) 

(1)G.V.Kurdumov Institute for Metal Physics, Kyiv, Ukraine 
^International Center of Electron Beam Technologies of E.O.PatonElectric Welding Institute, 

Kyiv, Ukraine 
(3)National Technical University of Ukraine "KPI" , Kyiv, Ukraine 

The life time and performance attributes of 
functional coatings are largely determined not only 
by their composition, structure, adhesion and 
cohesion strength, but also by internal stresses. In 
addition, information on the magnitude and nature 
of the latter is important both in terms of 
forecasting the coating properties and for 
optimising the conditions of their formation. 

The main reason for development of internal 
stresses is mismatch of the crystal lattices of the 
phases of substrate and coating in the plane of 
their coherent conjugation. Energy of the strsses is 
also depending on the coating shape and volume 
[1,2]. Therefore, the problem of elasticity of 
internal stresses of the substrate-coating system is 
rather complex. If, however, the interface is 
regarded to be plane, and the interface length is 
much greater, than the coating thickness, the 
problem is significantly simplified as it becomes 
one-dimensional. The problem becomes solvable if 
we further neglect the difference in the moduli of 
elasticity of the substrate and the coating. It results 
from that the stresses will only depend on the 
interface orientation, as well as on the so-called 

self-strain £ik This strain is determined both by 
the difference of the crystal lattice parameters of 
the undistorted phases of the substrate and the 
coating, and by the ratio of the crystallographic 
orientations of the planes, conjugated over the 
interface. 

In this study, proceeding from the conditions of 
[3]: (i) mechanical equilibrium on a plane 
interface, (ii) resultant force of internal stresses in 
the coating and the substrate being equal to zero, as 
well as (iii) equality of their moduli of elasticity 
XiMm, the internal stresses tensor in an anisotropic 
single-crystal coating, coherent with the substrate, 
has been derived in the form: 

°"|A  ~ ^ikmn\n)£,> (1) 

where 

A*,„„(n)= 4™, ~ Kkipn^aKßpnf!)'"A™ (2) 
is a certain effective tensor of the moduli of 
elasticity, dependent on the orientation of the 
interface n. Expression (1) is valid for the case, 
when the coating thickness is much smaller, that 
that of the substrate, and it can be used to calculate 
the stressed states of the coating for any orientation 
of the interface, as well as any crystal lattices of 
the substrate and coating. 

Calculation of the normal (i = k) and tangential 
(i * k) components of the tensor (1) was made for 
the case of an elastically isotropic medium. As an 
example, the cubic phase with lattice parameter a0 

for the substrate and the tetragonal phase with 
lattice parameters a and c for the coating was 
considered. In the case of coincidence of the 
principal axes of self-strain with the axes of the 
substrate cubic lattice, tensor s°k had the following 
form: 

(3) 

where s = (a - a0)/aQ, £3=(c- a0)/a0. For this case 
dependencies of the components of tensor (1) on 
the degree of tetragonality of self-strain r = -szle 
were derived for the main crystallographic 
orientations of the interface. Their analysis showed 
that in a single-crystal coating a uniaxial stressed 
state is achievable for orientations n=[100] and 
[010] (Fig.la) at r = v , and for orientations 
n=[101] and [Oil] (Fig.lb) at r= 1 + 2v. (Here, v 
is the Poisson's ratio taken to be 0.3 in 
calculations). This state is the tensile stress (at e > 
0 ) of magnitude 2G(1 + v)s that is equal to 4.6 
GPa in the case of values of shear modulus G = 30 
GPa and e - 0.05, typical for metals. All the 
orientations, corresponding to this state, at the 
indicated above values of r are equilibrium ones, 

£     0 0 

0     £ 0 

0   0 -£ 
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as the minimal elastic energy E = G{\ +  v)i 
corresponds to these orientations. 

With greater thickness of the coating, the elastic 
energy of internal stresses increases, and this may 
lead to formation of a domain structure, as this is a 
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Fig. 1. Dependencies of normal Oh (1), 022 (2), 033 
(3) and tangential cr23 (4), o13 (5), em (6) 
components of the internal stresses tensor 
(normalized by G'e, where G = 2G/(1 - v)) for a 
single-crystal (a, b) and polydomain (c ) coatings 
on the degree of tetragonality of self-strain for 
different orientations of the interface. 

powerful mechanism for relaxation of the elastic 
stresses field [2]. Domains may be the twins, 
regions of different concentration of the alloying 
element (decomposition products) or various 
polymorphous modifications of the crystal phase of 
the coating. Coating fragmentation into domains 
with different self-strain may lead to lowering of 
internal stresses not only due to the change of 
orientation of the interface n, but also due to the 
change of the ratio of volume fractions of domains 
or. Parameter a can vary from 0 to 1; single-crystal 
states with different self-strains correspond to 
extreme values of a. 

For polydomain state the self-strain should be 
regarded as the average strain. For instance, for a 
coating, consisting of two domains with tetragonal 

self-strains 41 and £f > it will be equal to: 

ff»(a)=(i-0K+«£-   («> 
Substitution of (4) into (1) yielded the components 
of the tensor of internal stresses a? for a 
polydomain coating. Analysis of their 
dependencies on z showed that the coating 
fragmentation into domains may lead to a complete 
disappearance of the macroscopic stresses field for 
orientations n=[110] and [101] (Fig. lc) at r= 2, 
as well as for n=[100] at r = 1. The cause for 
disappearance of internal stresses is not the 
avearsge self-strain tending to zero, but the fact, 
thet it is a strain with invariant plane at the above r 
values. The interface is, at that, an invariant plane. 
Growth of such coatings is equilibrium. 

In conclusion it should stated that the results, 
obtained in this study can be also used for analysis 
of the stressed state of platelike precipitations of 
phases and martensite crystals, in which the 
orientation of the habit plane and domain 
composition deviate from the equilibrium values, 
for instance, at martensite phase growth in the 
external stress field [4]. 
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THERMOMAGNETIC ANALYSIS OF TRANSFORMATIONS DURING 
THE HEATING OF AMORPHOUS FOILS OF THE ALLOY Fe80Si6B]4 

Gryhoryeva O.V. 
National Technical University of Ukraine "Kyiv Polytechnic Institute", Kyiv, Ukraine 

The research of phase transformations during 
the heating of amorphous alloys is one of the most 
actual problems of the today's physics of the solid 
state. This problem is actual as from the point of 
view of physical representation and also in the 
plane of possible practical applications. 

We investigated the changes of magnetization 
during the heating of amorphous alloys Fe80Si5B|4, 
expecting to receive information about formation 
of phases in process of crystallization of this alloy, 
and also about it magnetic properties. However 
deriving of reliable results in this area is connected 
to significant difficulties because of very small of 
registered magnetic effects. We have made an 
attempt to study these effects during phase 
transformation in amorphous alloys using the 
differential analysis. This method was found to be 
effective in studying the small magnetic effects of 
phase transformations in bulk alloys of iron [1]. 

The method of the differential thermomagnetic 
analysis with use of two etalon of armko-iron was 
applied. The method of so-called internal etalon 
was applied also, in which a graduation of 
registered changes of magnetization was carried 
out using the well-known magnetic effect in the 
Curie point of carbide of iron 9-Fe3C [2]. The X- 
ray researches were carried out using standard 
diffractometry (Fe-anode). 

20   100  180 260 340 420 I 

T,°C ! 

Fig. 1. The reversible part of the thermomagnetic 
curve of FeSüSi5BM 

The thermomagnetic curve of cyclic heating of 
the alloy Fe80Si6BM is shown in fig. 1 and fig. 2. In 
the initial state the alloy was in amorphous state. 
The method of getting the data of magnetic 
parameters of amorphous foils is described by us in 
[3]. 

The state 1-2-3 on fig. 1 corresponds to the 
alloy that has the amorphous structure. The 
changes of magnetization are reversible (the part 
1-2 on fig. 2) if the temperature of heating is no 
more than 470°C. This leads to conclusion that 
Curie temperature of the amorphous alloy is close 
to410-420°C. 

480 

20  120 220 320 420 520 

T, °C 

Fig. 2. The full curve of the heating and cooling of 
Fe8oSie,B14. 

Beginning from the temperature of 480°C the 
sharp irreversible increasing of the magnetization 
of the alloy is registered (the part 2-3) of the 
thermomagnetic curve, fig. 2. The heating to 
600°C and the consequent cooling up to room 
temperature has shown, that the irreversible 
increase of a magnetization registered in an 
interval of the temperatures 480-500°C, is not 
exhibited at the temperatures close to room 
temperature. The difference of the evidence of the 
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magnetometer in the states 1 and 6 is within the 
limits of a measurement error. 

The well-known relations of the 
thermodynamical theory of the temperature 
dependence of the spontaneous magnetization of a 
ferromagnetic near Curie point permit to estimate 
approximately the value of Curie temperature of 
amorphous alloy Fe80Si6Bi4. In this case we to use 
the corresponding thermodynamic coefficient. This 
value is unknown for the amorphous alloy. We 
calculated the principal thermodynamic coefficient 
for pure ferromagnetic Fe, Ni, Co and for phases 
G-Fe3C, Fe4N, Fe3B, FeB, Fe2B. The middle value 
this coefficient was used for estimating Curie 
temperature of amorphous alloy Fe8oSi6B14. The 
value we got (405 °C) is according to data 
published very reasonable [4]. 

The increase of the magnetization of the alloy 
in the temperature interval 480-500°C is the result 
of the crystallization of amorphous alloy 
Fe80Si6B14. 

The X-ray analysis carried out by us showed 
that after the heating to 500°C the alloy contains a- 
Fe (strong interferentional lines) and borides FeB 
and Fe2B (fig. 3). 

( T V \   — ,T(480OC)   M 
\J0 y0>2 ~ °FemSi6Blt

m FemSi6Bl4 (1) 

100 -, 

80- 

60- 

40- 

20 

(110)cx-Fe 
(200), (021) FeB 
(211)Fe2B 

■or 

20 

tu- • 

s-s-s ?f 
Hin 

40 50 

20 
60 70 80 

Fig. 3. The diffraction X-ray patterns Fe8oSi6B14. 

To establish the nature of experimentally 
registered irreversible changes of magnetization 
consider the magnetic moments of the specimen in 
the states 2 and 5 (fig. 2). 

In (1) c43SL is the sPecific magnetization of 

the amorphous alloy, MFemSkBii is the mass of this 

phase. 
In the same way: 

A(l0V0)5=cxrC)Ma + aFe_BMFe_B      (2) 
In (2) a(

a
m°C) is the specific magnetization of 

Fea at the temperature 480°C, Ma is the mass of 

Fea in the state 5. The value aFe_B  and MFe^B 

have the same sense for the boride phases. 
Forming the difference A(I0V0)S-A(I0V0)2 

it's possible to receive the expression that 
describes the magnetic effect of the crystallization 
of the amorphous alloy: 

(3) ^rQMa+aFe_BMFe_ 

In (3) C is the carbon content in Fe-C alloy 
that is used as the etalon in the differential method 
of thermomagnetic analysis, Me

0 is it's mass, ae 

is it's specific magnetization. 
The calculations carried out by using (3) 

showed that the specific magnetization of Fe-B 
phase in the amorphous alloy Fe80Si6Bi4 is about 
208 units (in CGSE) and the Curie point is near to 
410°C. 

The method of analysis of magnetic properties 
that is described above could be used in the 
investigation of thin diffusional layers,coatings of 
different nature, zones are obtained by laser 
treatment, thick films etc. 
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EFFECT OF POWDER PARTICLES' SIZE DISPERSION ON SYNTERING 
KYNETICS AND STRUCTURAL GENESIS OF A SINTERED POWDER 

BODY 

Nurkanov E.Y.. Kadushnikov R.M., Alievsky V.M. 
Ural State Technical University, Ekaterinburg, Russia 

Dispersion characteristics of powders are the key 
link of structure-geometric sintering 
predefmiteness. They do define the inclination of 
the sintered powder systems towards zonal 
segregation or coherent sintering, high or low 
speed of densification. It seems important to 
evaluate the effect of particles' sizes dispersion on 
powder system sintering quality using numeric 
methods. For computational experiments it is 
offered to use the three-dimensional structural- 
imitating model (TSI) model of sintering a 
powder body [1]. Physico-mathematical 
interpretation of TSI model looks like a system of 
Newton's motion equations for spherical particles: 

^^-al^-./frjV^y 

v. 

R. 

^-3^.--«s(v..-/(r..|V) 
mi      RSI     '      ÄV "    J^ "^"> 

_ 

here 

m,=-xR>p,    iv=r. -r., v.. = V. - V ., 

g(x)=f(x)+xf'(x), 

dV Z^l&nds,   |Sf|=JJ&=. 
s'''|r;| *, OK, 

where r; - coordinates of the particles' centers, v; 

- velocities of particles' movement, ty - distance 
between the centers of incident particles, \y - 
velocities of incident particles approach 
(withdrawal) to (from) each other, Rt - particles' 
radii, p- theoretical density of a material, a - 
weight multiplier, responsible for the effect of 
sintering on the movement of particles system, S,- 
- area of projection of the i-th particle occupied 
surface ¥,- on a plane, normal to r(. (n - unary 
vector normal to the surface), 5,- - free surface 
area Aof the i-th particle, J[\rti\) - function, 
responsible for mass transfer mechanism during 
the pair interaction of the particles. 

The sintering quality evaluation was performed 
for powder systems with various dispersion 
characteristics using TSI model. Three types of 
spherical particles dense packages were selected 
as model powder systems: monodisperse 
N(R=l,0;a=0,0) = 104, with normal distribution of 
particles according to size N(l,0;0,2)= 104, and 
with lognormal distribution of particles according 
to size N(l,0;lna=0,3)=104, where N is the 
number of particles, R - average radius of the 
particles, o - standard deviation. Diffusion- 
viscous flow mechanism was selected as a 
sintering mechanism, respectively 

y(lrijl)=(l/|rij|)3>'/477. Values of viscosity 77 and 
surface tension y coefficients were assumed 
equal. 

T
[XI0'

2
H] 

50 100 150 
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Fig. 1. Time dependency of relative density P of 
spherical particles model consolidating systems; 
(1) N(1,0;0,0) = 104,     (2)N(1,0;0,2) = 104,     (3) 
N(l,0;lna=0,3)=104;      sintering      time      in 
computational    experiment    T=100[X10"

2
H]    is 

adequate to 1 hour duration of natural sintering 

It is possible to judge about sintering quality 
using two main factors: densification speed and 
density characteristics of a sintered compact. 
Computational experiment did demonstrate that 
the package of monodisperse particles 
N(1,0;0,0) = 1Ö4 possesses the largest 
densification speed. Less values of densification 
speed are possessed by packages with normal 
N(l,0;0,2)=104 and lognormal 
N(l,0;lncr=0,3)= 104      particles      distribution 
according  to   size.   Thus,   kinetic   curves   (see 
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Fig. 1.) do indicate the fact that particles' size 
dispersion lowers densification speed. 

Geometrical density and porosity factors are 
called density characteristics. Lognormal particles 
distribution by size N(1,0; lncr=0,3) =104 did 
provide the largest value of geometrical density 
for sintering time equal to x=150 [xl0'2hrs] among 
three examined powder systems morphology 
types. 

,,, : n 

Sintering did take place under conditions of zonal 
segregation, that is why porosity formation should 
have become intergroup. Indeed, large intergroup 
pores did really form in a monodisperse package 
N(1,0;0,0) = 104 and in a package with normal 
particles distribution by size N(l,0;0,2) = 10 
(Fig. 2.). At the same time in a 
N(l,0;lna=0,3)=104 sintered package 
intergroup pores are compatible with pores inside 
the groups and are uniformly distributed across 
the complete volume, i.e. intergroup porosity 
growth was suppressed (Fig. 2.). Therefore, 
consolidated model package of spherical particles 
with lognormal particles distribution by size 
N(1,0; lna=0,3) = 104 does possess the best 
porosity characteristics among the packages with 
considered dispersion characteristics types. 

The results obtained demonstrate fair 
congruence with experimental data and serve as a 
proof of model adequacy [1] for sintering 
processes in real powder systems. 
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e f 
Fig. 2. Sections of sintered compacts composed of 
spherical particles: 
(a) N(l,0;0,0)=104, (c) N(l,0;0,2)= 104, 
(e) N(l,0;lna=0,3)= 104; pores on sections are 
white-colored. Distribution of porosity n along 
the height h of the package: 
(b) N(l,0;0,0) = 104, (d) N(l,0;0,2) = 104, 
(f)N(l,0;lna=O,3)=104 
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PHASE TRANSFORMATIONS IN ELASTICS-CRYSTALS OF THE 
STRUCTURE G5, 

Matvsina Z.A.. Zaginaichenko S.Yu.(1), Eremenko A.M. 
Dniepropetrovsk National University, Dniepropetrovsk, Ukraine 

(1)Institute for Problem of Materials Science, Kiev, Ukraine 

The concept of ferroelasticity in a general massive 
of phase transformations was formulated in the 
work [1]. Broad theoretical and experimental 
analyses of such materials followed. Now 
ferroactive materials are used more widely. 
In the present paper a statistics theory of 
deformation ordering crystals-elastics with the 
structure G5, of boric acid H3B03 type has been 
worked out on the basis of molecular-kinetic 
concept. Such a theory for crystals with the 
structure H4 of a scheelite CaW04 type is worked 
out [2]. The inside configuration energy u, 
thermodynamical probability G, free energy / and 
thermodynamical potential \y of the system in the 
dependence of the temperature T, the degree of the 
deformation order r] , energy constants w, a, the 
amount of outer mechanical oriented stress a have 
been calculated. Equations of equilibrium state 
have been obtained. The temperature dependence 
on the deformation order parameter, the way 
mechanical stress r\(T, cr) influences the 
dependence mentioned have been determined. The 
conditions of realizing in the system of first- and 
second- kind phase transformation from para- into 
ferro-elastic state, determining energy parameter a, 
have been stated. The possibility of appearance due 
to the outer stress of non-disappearing order and 
the possibility of order-order phase transition, i.e. 
spasmodic decreasing or increasing the order 
parameter with or without changing its sign, has 
been made clear. The deformation hysteresis and 
the dependence of the order parameter on the outer 
stress r](o-) pointing of the first-kind phase 
transition from para- to ferrophase has been 
studied. The possibility of appearing one or two 
hysteresis loops, which can exist in a definite small 
temperature interval near the temperature of phase 
transition, has been shown. Configuration heat 
capacity C(T, a) in the vicinity of Curie point has 
been calculated; its peek type temperature 
dependence and the growth of the heat capacity 
jump at the transition order-disorder due to the 
great values of constant a has been stipulated. The 

later determines quadratic dependence of the 
ordering energy w on the deformation order 
parameter. Functions determining temperature 
dependences of elastic compliance S(r, n.) and the 
longitudinal elasticity modulus E(T, r\) in ordered 
and disordered states of elastics have been 
calculated. It is grounded that dependences E(7) at 
n. = 0 are linear but at n* 0 are fractional rational 
functions of the temperature. As to the vicinity of 
the Curie point, the validity of the Curie-Weiss 
Law and the rule of the negative deuce is 
stipulated. It has been also grounded that elastic 
compliance S(7) grows unlimitedly at the Curie 
point. 

The type of the discovered regularities should 
arrear qualitatively for elastics of both viewed and 
other structures. Here only the concrete cases of 
realizing phase transitions of the first-kind and the 
second-kind phase transition, values of residual 
deformation and coercive form in the deformation 
hysteresis, the height of the peak and the jump of 
the heat capacity at the Curie point, the steepness 
of the curves of temperature dependence of elastic 
compliance and the elastic modulus, etc. may vary 
in the dependence on the value of the structure- 
energy constant. 

All the functional dependences r\(T, a), r|(a), C(T, 
a), S(T, r\), E(T, r\) have been revealed 
experimentally for many ferroelastics and 
ferroelectrics of various structures, and they 
correspond to the results of other theories [2-5]. 
That is why we can hope that the obtained 
theoretical calculations are realistic. 

As an example, Figures 1-3 show the dependence 
of the order parameters r\t and n.2 in sublattices of 
the crystals, configuration heat capacity C, elastic 
compliance S, the longitudinal elastic modulus E 
on the temperature T, energy constant a and the 
amount of outer of mechanical oriented stress a. 
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Fig. 1. The influence of the outer mechanical 
oriented stress on the temperature dependence of 
the deformation order parameter. The diagrams 
above the abscissa axis determine r|1; and those 
below determine r|2. The dependence r\i(T), r\2(T,) 
at a=0 is marked by the dotted line. 
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Fig. 3. The diagrams of the elastic compliance S 
(solid curve) and elastic modulus E (dotted curve) 
on the temperature. Curves 1 
correspond to of the deformation ordering state 
(n * 0), curves 2 — to disordered state (r|=0). 

0,90    0,92     0,94      0,96      0,98 

Fig. 2. The diagrams of temperature dependence of 
the configuration heat capacity for a=0 and 
different values of the energy parameter a. 
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DIFFUSION WAY OF STRUCTURE AND PROPERTIES FORMATION IN 
Fe-BASED ALLOYS UNDER DEFORMATION EFFECT AND DOPING 

WITH N AND C 

Demchenko L.D. 
National Technical University of Ukraine "KPI", Kiev, Ukraine 

The improvement of mechanical properties of 
mechanisms parts and instruments is an important 
scientific and technical problem of many 
researches. One strengthening way of construction 
and instrumental steels products is a 
surface/selective processing using chemical heat 
treatment, in particular, nitriding and 
carburization. Advantages of such treatment are 
providing high hardness and strength of 
surface/local parts under conservation of product 
core viscosity that promotes exploitation term 
increase. The rise of surface layer mechanical and 
anticorrosive properties during diffusion saturation 
with N/C occurs at the expense of nitride/carbide 
phases formation and N/C solution in basic metal 
lattice. 
The urgent task of this investigation is to study the 
deformation and doping effect on Fe nitriding 
process, diffusion layers structure, phase 
composition, atom distribution and properties. 
In previous investigations [1-3] it was established 
that Fe-based alloys preliminary plastic 
deformation (PPD) being used before diffusion 
doping with N/C under certain conditions (the best 
results were achieved after 15-30 % deformation) 
accelerated nitriding/carburization processes and 
surface diffusion layers formation, and increased 
these layers mechanical properties. Also PPD 
affects chemical and phase composition, final 
structure and properties of surface diffusion layer, 
and phases' formation kinetics. 
The work aimed to investigate the influence of 
PPD within the range of compression degree 0- 
70% on chemical and phase composition, structure 
and mechanical properties (microhardness and 
wear resistance) of surface diffusion layers formed 
in Fe-Cr-Ti alloys containing as doping elements 
0.5-2.2 wt. % Cr and Ti under saturation with N/C 
from gaseous atmosphere dissociated ammonia 
(NH3)/propane-butane (CjHg-QH.o) at T = 853 K. 
Iron doping with titanium well known as 
nitride/carbide-forming element increases N/C 
solubility in a-phase, nitride/carbide phases, can 
bring to titanium special nitrides/carbides form and 
dissolve in iron nitrides/carbides that results in 
considerable increase of diffusion layers 
mechanical properties. Moreover, iron doping with 

chromium increases bond energy of interstitial 
atoms with dislocations that can increase the mass 
transfer of N/C with mobile dislocations by 
dislocation-dynamic mechanism. 
As a result of microstructure and microhardness 
investigations it was established that deformation 
degree rise up to 30 % led to the total diffusion 
layer and surface carbonitride phase layer 
thickness increase, as well as to surface layers 
microhardness rise when different ammonia/ 
propane-butane ratios (from 100 % NH3 to 100 % 
CJHü-QHK, in step 10 %) were used. The 
maximum layer thickness rise under deformation 
effect was achieved after saturation in 80-90% 
ammonia and 10-20% propane-butane 
environment: the total layer thickness increased 1.4 
times, i.e. from 140 um (in undeformed 
specimens) to 200 urn (in 30 % deformed 
specimens). Microhardness increased from 14 GPa 
(in undeformed specimens) to 16 GPa (in 
deformed with 30 % specimens) as well. 
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The results of wear resistance tests obtained by 
friction method showed that nitrogen and carbon 
ratio in saturating environment as well as cold 
deformation degree affected wear resistance of 
surface diffusion layers. Diffusion layers wear 
resistance increased with the raise of propane- 
butane content in saturating environment. The best 
characteristics of wear resistance were acquired 
after 20-30 % deformation and further saturation in 
80-90% ammonia and 10-20% propane-butane. 
Thus, the optimal combination of surface diffusion 
layers performance attributes was achieved after 
doping of 20-30 % deformed Fe-Cr-Ti alloys with 
N and C in 80-90% ammonia and 10-20% 
propane-butane environment. 
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The (N+C) concentration distribution in diffusion 
layer depends on specimens' deformation degree. 
With deformation degree increase up to 30 % the 
(N+C) penetration depth increased 1.5-1.6 times 
as compared with recrystallized specimens. 

"Ö      50     100   150   200   250 
Duration of wear resistance test, s 

50   ~ 100     150     200 
Distance from the surface, pm 

X-ray investigations of surface diffusion layers 
phase composition showed that cold deformation 
affected phase formation in surface layers during 
Fe-Cr-Ti alloys doping with N/C. According to 
microstructure and XRDA data the surface 
diffusion layer depending on ammonia and 
propane-butane quantitative ratio in saturating 
environment consisted of: 
■ a thin surface layer of s - phase with hep lattice 

of Fe2-3N type (under saturation in 100 % 
ammonia) or 6 - phase with orthorhombic lattice 
isostructural to cementite (Fe3C) crystal lattice 
(under saturation in ammonia with the addition 
of 10 or more vol. % of propane-butane) and 

■ a layer of nitrogen and carbon solid solution in 
a-phase alloyed by Cr and Ti with bec lattice. 

The 0 -phase formation occurred both in deformed 
and undeformed Fe-2.2%Cr-2.2%Ti specimens 
under saturation with N and C in presence of 10 or 
more vol. % of propane-butane in mixture with 
ammonia. 
Deformation affected the phase composition of 
diffusion layers formed under saturation of Fe- 
1.3%Cr-0.6%Ti specimens by N and C in 
ammonia environment with addition of 10 vol.% of 
propane-butane. It led to the 6 -phase formation in 
surface layers after deformation within the range of 
25-30 % degrees. The s -phase was formed in this 
environment after deformation out of 25-30%. The 
diffusion layers containing #-phase showed 
maximum microhardness, wear resistance and 
layer thickness. 
Furthermore, deformation accelerates diffusion 
layer formation and changes its growth kinetics. 
Analysis of layer growth kinetics showed that the 
diffusion layer and s- and 6-phases layer formation 
in deformed alloys (as compared with undeformed 
ones) proceeds in two stages. On the first stage (up 
to 2 hours) the rate of these layers growth is 1.5- 
2.5 times greater than on the second one. The 

maximum these layers growth rate in deformed 
alloys on the first saturation stage is observed after 
20-25% deformation, and on the second stage - 
after 10-15% one. 
The reasons of surface layer mechanical properties 
rise, phase formation change and interstitial atoms 
mass transfer increase in deformed Fe-Cr-Ti alloys 
as compared with undeformed lie in structures 
distinctions of deformed and recrystallized metal. 
As a consequence of deformation increase the 
dislocations density rises. When certain (15-30%) 
deformation conditions occur the most mobile 
dislocations number is generated. So, in deformed 
material there arise conditions under which 
accelerated N/C transport is possible by diffusion 
mechanisms different from interstitial ones. The 
interstitial atoms (N and C) are known to dissolve 
on dislocation with Cottrell atmospheres formation 
increasing N and C solubility in a-phase. Formed 
in such a way dislocations complexes with the 
interstitials atoms can be thermally activated, can 
move under the internal stress influence caused by 
N and C diffusion in surface layers and transport 
the interstitials atoms on dislocation-dynamic 
mechanism [4, 5]. 
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X-ray investigations of surface layers' structure 
after different deformation showed that integral 
width of (310)Kcti diffraction line increased with 
deformation degree rise up to 10-20% that could be 
caused by increase of dislocations density and 
mobile dislocations number. Macro-strain 
investigations on specimens surface testified to 
compression stress rise in surface layers of 
deformed alloys that could cause ascending 
diffusion of interstitial atoms (N/C) at the 
beginning of diffusion process as well. 
[1] Tinyaev V.G., Nazarenko V.F., Lakhnik A.M.: 
Met. Phys. Adv. Tech. Vol. 16 (1996) p. 189 
[2] Sidorenko S.I., Tinyaev V.G., Demchenko L.D. 
et al.: Met. Phys. Adv. Tech. Vol.18 (2000) p. 753 
[3] Sidorenko S.I.,Tinyayev V.G.,Demchenko L.D. 
et al.: Met. Phys. Adv. Tech. Vol.18 (2000) p.1383 
[4] Klyavin O.V., Chernov Yu.M., Pravdina N.N. 
et al.: Fizika Tverdogo Tela Vol. 20 (1978) p.3100 
[5] Orlov A.N.: Fizika Tverdogo Tela Vol. 22 
(1980) p.3580 
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AB INITIO INVESTIGATIONS OF THE EFFECT OF CHEMICAL 
BONDING ON THE SPIN STATE OF HYDROGEN ATOM IN 

ZrH2 

Yurveva E.I.. Pletnev R.N. 
Institute of Solid State Chemistry, Ural Branch of the Russian Academy of Sciences, 

Yekaterinburg, Russia 

The interest in transition metal hydrides is due not 
only to their extensive use in engineering and 
energetic, but also to the possibility of application 
of this class of compounds in solving some 
fundamental physical problems. In the latter case 
two aspects can be distinguished. On the one 
hand, hydrogen may serve as a doping element 
allowing smooth (sometimes reversible) changes 
in the properties of the metallic matrix. On the 
other hand, hydrogen atoms forming an intrinsic 
subsystem interact strongly with each other and 
this may give rise to various phase transitions. In 
addition, hydrogen atoms in metals have a very 
high diffusion mobility. Sometimes the hydrogen 
sublattice may exhibit distinctive quantum 
properties even at room temperature. At the same 
time many (including electronic) characteristics of 
hydrides have been poorly studied hitherto. 

It was suggested earlier that three phase 
transitions may take place in the hydrogen 
sublattice of the cubic 5-ZrHx (x<2). Not long ago 
stoichiometric cubic zirconium dihydride has been 
synthesized. NMR 1H spectra were obtained and 
the time of proton spin-lattice relaxations was 
measured for this compound. Thermally activated 
hydrogen diffusion was observed at temperatures 
above 290 K. In the region of 230 K there occurs 
a reversible phase transition caused by a variation 
in the state of hydrogen. This transition is detected 
by a temperature-dependent behavior of the 
Knight shift and the relaxation characteristics. The 
Knight shift in electronic conductors is 
proportional to the spin density on resonating 
nuclei. In view thereof, the variation in the spin 
density on hydrogen nuclei in zirconium hydride 
may be brought about both by the redistribution of 
electronic density due to chemical bonding effects 
and the polarization of electronic density on 
hydrogen atoms by conduction electrons from 
zirconium atoms. 

The polarization of closed shells by intrinsic 
(localized) unpaired electrons can be calculated by 
quantum    chemical    methods.    However    the 

calculation of polarization by conduction 
electrons calls for new computational techniques. 
In this work, the non-empirical discrete variation 
Xa method was used to calculate superfine 
magnetic fields BFc generated on hydrogen atoms 
by a zirconium atom in the model cluster [ZrH8] 
for the cubic phase of ZrH2. A specific feature of 
the calculation is the application of the neutral 
cluster approximation, which implies that atoms 
constituting a cluster are considered primarily in 
the neutral state. Subsequently, chemical 
interatomic coupling results in the redistribution 
of electronic density. This leads to a variation in 
orbital and spin populations of atomic orbitals. 
The self-consistent spin-polarized calculation 
yields the following populations of atomic orbitals 
of hydrogen atoms: 

AO 
Is 
2s 

N (spin up), e 
0,7053 
0,0115 

N (spin down), e 
0,4001 
0,0085 

The Fermi-contacting contribution to the 
superfine magnetic field on hydrogen atom 
nucleus performed after the technique developed 
by the authors gives the following contributions 
from His- and H2s-AO: 

BFc(ls)5,17T 
BFc(2s)0,01T 

To perfect the computational technique of the 
Knight shift in zirconium hydrides in terms of the 
employed method, it is necessary to assume the 
possibility of freezing Zr(ls-4p)-AOs. The effect 
of cluster dimensions on the calculated values 
should be also considered. 

This work was supported by the Russian 
Foundation for Basic Research (project .Ns 02-03- 
32979). 
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TECHNIQUE OF PARAMETR'S DEFINITION OF DYNAMIC PHASE 
TRANSITIONS IN METALS 

Usherenko S.M., Ovchinnikov V.l., Koval O.I. 
Research Institute of Impulse Processes, Minsk, Belarus 

Introduction Spreading of shock waves on a firm 
metal body is accompanied by the polymorphic 
transitions changing its structure. Till present time 
polymorphic transitions under influence of 
pressure are found in many metals (iron, thallium, 
tin, the titan, bismuth etc.), semiconductors, 
oxides and practically in all minerals and rocks. 
Cottrel assumed that besides intervention of the 
liquid phase (i.e. fusion), polymorphism should be 
a rule for all metals because the phase which is 
stable at 0 °Kwill become less stable at higher 
temperatures. Certainly, there are some exceptions 
this rule, however, for the majority of 
experimentally investigated metals this idea is 
correct. 

Proceeding of the phase transition in conditions of 
dynamic loading and unloadings facilitates the 
occurrence of the new condition of the substance 
[1] representing metastable phase in which 
transformation develops, inhibited at a stage of 
loss of connections between atoms. 

Authors of the given work did the analysis 
oftheoretical and experimental data on dynamic 
phase transitions in the metals. This analysis 
allows to draw a conclusion about proceeding of 
dynamic phase transition during loading time in 
copper and other metals in whichphase 
transformations were not observed in firm 
condition at pressure 1 athm. 

The purpose of the work is a technique 
developmentof parameter's definitionof the 
dynamic phase transitions, based on the 
connection betweenthe structure of the material 
formed in loading processbystream of high-speed 
particlesand pressure of thephase transition 
initiation. 

Statement of theexperiment. Objects of 
theresearch were cylindrical samples from steel 
45, copper, titan, subjected triple processing by 
powder SiC of fraction 63-70 microns, weight 
80g, with speed 700 M/sec under the standard 
circuit [2]. Microstructure of thesamples was 
investigated with the help of an electronic 
microscope      "      Scan      -      Met      "      and 

metallographicoptical microscope " Metam PB- 
21". 
Results  of the  experiment  anddiscussion  of 
them. 

Discussion of the results of the research on 
forming the material structure in conditions of 
dynamic loading is in the work of S. I. Usherenko, 
V. I. Zeldovich, I. V. Homskaya, V. I. 
Ovchinnikov, O. I. Koval "Forming of composite 
metal materials in conditions of shock-wave 
loading'. 

In the examined loading conditions the stream of 
the powder particles accelerated by explosion will 
penetrate into metal barrier on depth of 60-200 
mm and at the same time in the volume of steel 
there are some zones which come out due to a 
difference in structure of zones and the basic 
material of the barrier. The data on change of the 
microstructure of the work materials in depth is 
received during the research. The density of the 
registered defects after processing and their 
diameter: steel 45 - d=5,44mkm, p=299mrn2, 
copper d=0,74 mkm, p=9048mm2, titan 
d=l,90mkm, p=1217mm~2,is taken as an estimated 
parameter of efficiency of superdeep penetration 
process(SPP). 

Influence of shock waves on copper does not 
result fixing "break" on shock adiabatic curve , 
however, in structure there are some defects 
connected to reverse transformation, on structure 
similar to defects from HaKJiena. Such a kind of 
phase transition should be accompanied by 
volume increase of a new phase. The theoretical 
calculations that are based on experimental data in 
residual change of copper microstructure of 
sample after dynamic loading, allow to claim, that 
at the moment of dynamic loading (400*10"3sec) 
material in narrow local zones of defects - 
channels where shock energy localization is 
observed, exists in condition of plasma. The 
analysis of the received results allows to draw a 
conclusion, that dynamic phase transition in 
copper is convertible and a phase of high pressure 
after removal of loading are not remained. 
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At calculation of pressure of phase transition 
initiationin copper, authors of the given work as 
basic modelling representations about causality 
SPP accepted: 
1. Parameters of dynamic phase transitions may 
be defined on material ofbarrier changes. 
2. Processof superdeep loading of particles 
inbarrier occurs in zones where due 
tosuperexposition of fields of pressure conditions 
sufficient for course of phase transition are 
created. 
3. Change of the material microstructure formed 
at dynamic loading occurs at the pressure that 
isnecessary for the beginning of phase transition. 
4. Formation of a new superplastic condition of 
material as a result of dynamic loading is made 
only due to energy of a stream of particles. 

Shock adiabatic curve for iron, determining 
dependence of specific volume on shock pressure, 
tests a break in an interval of pressure 12-20 GPa 
and 298 °K. This break arises due to a sharp 
change of compressibility or specific volume and 
because of transition from lattice of Li - phase 
tolattice of 7] - phase. It is shown in [3], that 
appreciable change of microstructure in iron 
occurs if shock pressure exceeds pressure of 
transition. 

Calculation of pressure of phase transition 
initiation in copper in the given work is based on 
the assumption, that the ration of volume size 
ofchanged microstructure ( defective zone) zone 
to volume of a zone npeTepneBmefi phase 
transformation is a constant for all the metals 
under identical conditions of processing 
(VdFeA/zFe = VdCu/VdCu = Const) 

Vd = Kd2/4pVo. (1) 

On the basis of the considered features of channel 
-crater formation in [2] it is established that the 
specificity of crater creation consists in the 
character of energy redistribution of shock stream 
with a barrier in channels zones . Total value of 
the energy that is generated at impact of a clot of 
microparticles with barrier at triple processing 
makes: 

£ = 3 mv 2/2 (2) 

Pressure of initiation of phase transition is defined 
by: 

P=AA/z (3) 

As for iron it is established, that pressure of phase 
transition makes 12 GPa, it is possible to calculate 
volume of transformation zone . Calculation of 
pressure of the phase transition initiation in 
copper gives value 18,9 GPa. For reliability check 
of the offered technique calculation of pressure of 
phase transition initiation in titan was made. 

It is experimentally established, that pressure of 
phase transition in titan makes 17,5 GPa [2], and 
the value that was received in the given work is 
19,6 GPa, and error makes 12 %. The given 
interest of the error is taken into account at 
updating calculations of pressure of dynamic 
phase transition in copper on experimentally- 
analytical technique. 

Conclusions 1) In the given work the hypothesis 
about existence of dynamic phase transition in 
copper in an interval of pressure 17,0 - 18,9GPa 
[2] was put forward and theoretically proved. 
2)The experimentally-analytical technique of 
pressure definitionof dynamic phase transition in 
metals was offered. 

The list of designations: Vd - volume of 
defective zone; d - diameter of defect; ." - density 
of defects; Vo- volume of sample; E - the energy 
generated at impact of microparticles clot 
withbarrier; m - weight of particles' clot; v - speed 
of particles' clot; P - pressure of phase transition 
initiation ; Vz- volume of phase transformation 
zone. 

The literature 
l.Presnjakov A.A. Superplasticity of metals and 
alloys. Alma-Ata, the Science, Kazakh SSR, 
1969. 197p. 
2.Dynamic    reorganization     of    structure    of 
materials// S. M. Usherenko /Minsk, 2000, 188p. 
3.Dynamic researches of firm bodies at high 
pressures//A. I. Zharkov./M., Mir,  1965, 235p. 
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CALCULATION OF FORCE OF INTERPLANE INTERACTIONS AND STRENGTH 
CHARACTERISTICS OF TITANIUM AND CERAMIC MATERIALS AT HIGH RATE 

LOADING 

Zakarian P.A., Kartuzov V.V. 
Frantsevich Institute of Problems of Materials Science, NAS of Ukraine, Kyiv 

Forces of interaction among atomic 
planes (at shear or tension) play the important 
role for accurate solution to a problem of mate- 
rials deformation and fracture. 

The primary goal of this investigation, 
considering hexagonal highly densed structure 
of titanium and cubic modifications of ceramic 
materials, is to simulate these forces and to 
calculate materials mechanical characteristics 
at high rate loading. 

Materials strength characteristics and 
(at high rate shock deformations, high tem- 
peratures, etc.) resistance of those materials 
against extreme conditions are usually esti- 
mated on the basis of calculation of ideal 
strength of materials with defect free and ideal 
structure. 

To describe interatomic interactions 
the method of none local pseudo-potential was 
employed. 

At deformation, because of anisotropy, 
a crystal is more easily deformed on some 
crystallographic directions. To shear are much 
easy exposed highly densed atomic planes. To 
tensile a crystal is easier on a direction perpen- 
dicularly to highly densed planes. Therefore 
we carried out calculations for titanium who is 
one of the important constructional materials to 
protect against high rate loadings. Titanium is 
a laminated material, which layers (basic 
planes) are densely packed. Thus, characteris- 
tic types of deformations appearing in these 
materials at loading are shear of densely 
packed planes or tension (compression) on a 
direction perpendicular to basic planes. 

Used interatomic potentials are built 
under the following scheme: characteristic 
function of zoned structure is introduced, this 
function together with a potential of direct in- 
teraction describes total effective interaction 
among ions, when summarizing which on two 
parallel densely packed layers we obtain en- 
ergy of interaction between two layers. 

Table below presents the obtained re- 
sults. 

Table Stress a at low deformations g33, respec- 

tive values of Young's modulus E; theoretical 

strength amax (at tension and compression). 

Tensor of 
deformation 

£33 

(*.,=o); 
(#22=0) 

Stresses 
<7(GPa) 

Young's 
modulus 
E (GPa) 

0,0151006 4,916 323 

0,0201342 6,52 323 
0,0251677 8,1437 322 
0,0302013 9,742 323 

0,14 omax = 39,6 
(tension) 

£cp=323 

-0,109 omax =34,5 
(compression) 

Distinction between theoretically calculated and 
experimentally obtained values of materials re- 
sistance against fracture appears because of the 
presence of microcracks and crack-like defects. 
For example, if introduce a microcrack with a 
length 2^=0.2 mkm it would be enough to re- 

duce a to lGPa. 

At transition from FCC lattice to hexago- 
nal one, the structure of ceramic materials is de- 
scribed with three-layer alternation of planes 
(001) like aa'bb'cc' where a, b, c consists of at- 
oms of one grade (B or Si), and planes a', b', c' - 
from atoms of other grade (N or C), and a packing 
is dense. 
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For hexagonal modification coordi- 
nates of atoms and distances among highly 
densed atomic planes are calculated. Calcula- 
tions have shown, that distances between two 

planes making a layer, are d = V.c, where c 

- length of a spatial diagonal of a cube (for cu- 
bic modification). Inside a layer on atomic 
planes atoms are in identical positions, and 
layers are displaced from each other on a vec- 
tor 

a(Gpa 

p=h+b- 
where fa and fb - vectors of hexagonal lat- 

tice on basic plane. The distance between lay- 

ers makes MjC. 

To build matrix elements of pseudo- 
potential we offer the following technique. 

At the beginning the pseudo-potential 
of separate layer consisting of two atomic 
planes where the first plane goes through the 
beginning of coordinates and the second - is 

displaced on y.c has to be built. 

Results summary of calculation of 
force of interaction of atomic planes and 
strength for diamond is illustrated in Fig. 1 
and 2. 

Fig. 1 Dependence of force of interaction 
among basic planes versus lattice parameter at 
compression and tension. 

Fig. 2 Dependence of strength versus lattice pa- 
rameter on a direction [111] at compression and 
tension. 

When ci = 7.98 (compression) and 
C2=8.95 (tension) it is obvious, that function (de- 
pendence force - deformation or strength - de- 
formation) has points of inflection where deriva- 
tives of these functions change a sign. Modules of 
elasticity are defined by the same derivatives. 
Hence, it is quite possible to say, that at these val- 
ues of argument - the system is not that stable. 
Thus, these values of strength (a =93GPa, and 
o=28 GPa) will correspond to ideal strength of 
diamond at deformations along [111]. 

RESUME 
The technique developed on the base of 

none local pseudo-potential enables to calculate 
at hyper velocity impacts the forces of interaction 
among the deformed atomic planes. 

At transition of cubic structures into hex- 
agonal one the layers that consist of two atomic 
planes on which atoms are in identical position 
are formed, and layers are displaced relative each 
other. 

At tension and compression separate lay- 
ers are deformed much easy. Graphic illustration 
of dependence of force of interaction from lattice 
parameter evidently shows at what values of de- 
formation system is unstable. 
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A NOVEL BORON-BASED SUPERHARD MATERIAL PRODUCED AT 
HIGH PRESSURES AND TEMPERATURES 

Shulzhenko A.A., Sokolov A.N., Belyavina N.N.(1), Markiv V.Ya.(1) 

V.N. Bakul Institute for Superhard Materials of the National Academy of Sciences of Ukraine, 
Kiev, Ukraine; 

(1)Taras Shevchenko Kiev National University, Kiev, Ukraine 

In the last few years the interest of researchers in 
searching for novel superhard phases has 
quickened. This is attributable, firstly, to the 
theoretical generalization of the accumulated 
experimental data on the relationship between the 
formation of structure and properties of materials 
produced under different conditions, including 
high pressures and temperatures, and the 
prediction on this basis of novel phases with a 
unique combination of physico-mechanical 
properties. Secondly, this is a result of the 
development of novel structural materials that 
require specific machining processes, which can 
be implemented only by the use of new superhard 
materials. 

The possibility of obtaining a novel ceramic 
superhard material by hot pressing has been 
shown by the AMES Laboratory (USA). The 
chemical composition of this material corresponds 
approximately to the AlMgB,4 + X formula, 
where X is BN, A1N, Si and some other additives, 
which greatly increase the material hardness [1]. 
The production technology imposes specific 
requirements upon the particle size and quality of 
the initial materials as well as upon protective 
medium. Sintering time is 60 min. Depending on 
the production conditions and additives, the 
resultant material hardness ranges from 35 to 
42 GPa. 

The Institute for Superhard Materials of the 
National Academy of Sciences of Ukraine has 
also obtained an AlMgB14-based superhard 
material under high pressures and temperatures. 
The material is characterized by an orthorhombic 
structure and the following crystal lattice 
parameters: a = 0.58368 nm, b = 0.81176 nm and 
c= 1.03073 ran [2]. 

The use of high-pressure technique has made it 
possible to essentially simplify the technologies of 
preparation of the initial mixture and making the 
material as well as to intensify the synthesis 
process (a complete cycle of synthesis decreases 
several times). The optimization of the chemical 

composition and the conditions of preparation has 
allowed stable-in-quality samples of the new 
superhard material to be obtained. 

The results of our investigations into peculiarities 
of the phase formation in the Al-B-C system over 
wide ranges of pressures and temperatures have 
allowed us to define the conditions of production 
of the AlB40C4-based superhard material. An X- 
ray spectrum of the material is given in Fig. 1 and 
the data on hardness and fracture toughness are 
given in Fig. 2 and Table 1, respectively, in 
comparison with those of some other superhard 
materials. 

110   130   150   170   19.0   21.0   23.0   25.0   27.0   29.0   31-0   33.0   35.0   37.0   39.0   +1.0   43.0   45.C 
2Teto, ' Cu 

Fig.   1.  X-ray  spectrum  of the  AlB40C4-based 
superhard material. 

Table 1. Fracture toughness of the AlB40C4-based 
material as compared with that of other superhard 
materials 

Material 
Fracture 

toughness, 
Kic, MPa-M1/2 

References 

Synthetic 
diamond crystals 

5,3 -s- 6,2 [3] 

CBN crystals 3,5 [4] 

AlB40C4-based 
material 

8,5 

Amborite AMB90 6,4 [5] 

MeganiteMA/-100 7,2 [6] 

Kiborit II 10,5 [7] 
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Fig. 2. Hardness of the new material as compared 
with that of other superhard materials. 

It is our opinion that due to sufficiently high 
physico-mechanical characteristics, tools of the 
new material can be competitive in performance 
with cBN tools. 
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THE ROLE OF IMPURITY STATE IN SILICON CRYSTALS AND THEIR 
ELECTRONIC EXCITATION IN THE FORMATION OF MECHANIC-AND- 

PLASTIC PROPERTIES 

Makara V.A., Stebienko L.P., Rudenko O.V., Naumenko S.M., Kravchenko V.M. 
Taras Shevchenko Kyiv National University, Kyiv, Ukraine 

The pace of progress in science and engineering 
is to a great extent determined by a successive 
development of semiconductor materials science 
a principal problem of which is the study of 
semiconductor material strength and plasticity 
and thus the study of the crystalline structure 
imperfections. 

One of the basic crystals used in semiconductor 
engineering is still single-crystal silicon. In 
fabricating semiconductor structures, silicon 
crystals are subject to various types of treatment: 
mechanical, chemical, thermal, etc. Certain stages 
of fabrication and operation of silicon structures 
are accompanied by the action of electronic 
excitation caused by electric current flow and the 
action of various physical fields. The action of the 
mentioned external factors may result in the 
alteration of the characteristics of inelastic 
deformation and in the evolution of both 
dislocation structure and numerous microdefects. 

The problem of interaction between point defects 
(impurity atoms and their complexes) and spatial 
defects (dislocations) is of increasing interest in 
doing research in semiconductor physics and 
engineering. This is due to the fact that a great 
number of the possible processes of interaction 
between these two groups of defects in a crystal 
determines the technological properties of 
semiconductors. 

The urgency of the outlined scientific problem 
prompted us to carry out the present work. The 
aim of our studies was to determine the role of an 
impurity state in silicon crystals and their 
electronic excitation in the formation of 
microplastic properties (caused by dislocation 
mobility characteristics) and mechanical 
properties (dependent on microhardness). 

In this work it is shown both experimentally and 
theoretically that one can control the dislocation 
behavior   both   when   a   dislocation   is   in   an 

atmosphere and when it leaves the atmosphere by 
means of various types of treatment of silicon 
crystals: high temperature treatment, 
metalization, treatment by electric current, 
magnetic field or laser radiation. 

According to our model, the velocities of short 
near-surface dislocations in an atmosphere (Va) 
and beyond it (VbM) are related by the formula 

V, b.a. .21, 
NP 

where TV is the maximum number of interatomic 
distances which a dislocation overcomes while 
moving in the atmosphere and P is the probability 
that the energy of a double kink after its 
formation does not exceed its initial value on 
moving from an initial to adjacent valley of the 
Peierls potential landscape. 

The obtained formula indicates that the 
dislocation motion velocity after leaving the 
atmosphere depends on the velocity in the 
atmosphere as well as on parameter P. The latter 
is determined by a difference of defect 
concentrations in an initial and adjacent Peierls 
valleys and by alteration of the energy of 
interaction between a dislocation and point 
defects. As is followed from the above formula 
and the results of our experiments, the dislocation 
motion velocity beyond the atmosphere correlates 
with the velocity acquired by dislocations in the 
atmosphere. 

It is found that the state of atmosphere around a 
short dislocation which is in a start position 
determines the dislocation dynamics after leaving 
the atmosphere. The dislocation "remembers" 
how it moved in the atmosphere, and if the 
atmosphere slowed it down (the latter 
corresponds to a great delay time "at the start"), 
the dislocation will move slowly even after 
leaving the atmosphere. 
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In an actual semiconducting silicon which 
contains dislocations there occur a variety of 
processes that to some extent or another affect all 
its basic properties, mechanical ones in particular. 

In this work it is established that a dislocation 
cannot be isolated from not only a variety of 
structural defects caused by thermal fluctuations, 
various kinds of treatment, but also elementary 
excitations of electronic subsystem. It is shown 
that the processes of dislocation mobility in 
silicon crystals can be controlled with help of 
electric current of different densities and physical 
fields. 

The secondary ion mass-spectrometry has shown 
that the electronic excitation of silicon crystals 
with dislocations induces low-temperature 
recombination-stimulated diffusion of impurities, 
stimulates their recharging and intensifies the 
gettering ability of the surface, slip planes and 
dislocations. 

As a result of the studies, it was found that a 
change of impurity composition of the 
atmosphere as well as electronic excitation of 

silicon crystals lead not only to alteration of 
dislocation dynamic behavior, but also to 
alteration of microhardness and to appearance of 
electromechanical effect, which turned out to be a 
near-surface one. 

For the first time in. this work carried out was a 
comparative analysis of microplastic and 
micromechanical properties of silicon crystals as 
well as an analysis of how these properties 
change under different kinds of treatment of Si 
crystals. 

It is shown that on correct interpretation the 
indentor tests provide an express information on a 
change of microhardness and its relation to 
dislocation mobility in samples with different 
prehistory. For the first time established is a 
correlation between the microplastic and 
micromechanical parameters of silicon. This 
correlation makes it possible to develop new 
methods of controlling mechanical-and-plastic 
properties of silicon and eventually to fabricate 
new constructional materials with improved 
characteristics and parameters, which remains to 
be an undoubtedly urgent problem. 
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INVESTIGATION OF HOT STRETCHING PROCESS OF THIN-WALLED 
TUBES ON CONIC MANDRELS 

Petrosvan G.L., Petrosyan V.G., Hambardzumyan A.F. 
State Engineering University of Armenia, Yerevan, Armenia 

The problem solved on the basis of unmoment 
theory of rotation shells with accounting of the 
following dependencies of short-term creep theory 
of porous materials [1]: 

°eq =ß-05^[(°l -°2)
2 +(*2 -°J +(*3 -<Ol + 

+ a(a1+a,+a3)
2j   , (1) 

&+%2+%J 
NO.5 

9a 
(2) 

^eq 

2a 
■[2a, -a3 -a3 + 2a(a!+a2+a3)] 

eq 

^2 =_Z£3_[2a2 -a3 -a, +2a(a, +a2 +a3)] 
2oeq 

^  =-^-[203-0!-o2+2a(a, +a2+a3)] 
2cfeq 

(3) 

e = 
3a(l-wXai +a2 +a3)^ eq 

(4) 
'eq 

where aeq - equivalent stress, G\, 02, ^3 ~ 
principal stresses, £eq - equivalent velocity of 
deformation of creep, %\, &, ^3 - velocities of 
principal deformations of creep, w - porosity of 
material, 9 = dw/dt -speed of material's porosity 
alteration, t-time, a & ß-porosity functions of 
material. Analysis of porosity functions shows, 
that using of well-founded and comparatively 
simple porosity functions (5) suggested by V.V. 
Skorokhod is more convenient. This functions 
have the following shape [2] 

-JFeJ-"-^- (S) 

By the reason of complexity of hot stretchnig 
problem solution as an equation of state 
comparatively simple model of nonlinear-viscous 

body [3] chosen 

Jeq = a-4 eq ' (6) 

where a and m - coefficients depending on type of 
material and temperature of its treatment. 

On the Fig. 1 the scheme of tube stretching and 
element of tube at the stretching process shown. 

a)   Scheme of stretching process 
1-tube, 2-mandrel 

<jm+da 

b) Element of tube 
Fig. 1. 

On Fig. 1 following denotations done: rrj and r - 
initial and current radius of tube correspondingly, 
5-tube's wall thickness, y - angle between 
meridional tangent and axis of tube, pm and pv - 
intensities of distributed loads on meridional and 
normal directions of element correspondingly, am 

and ae-meridional and circumferential principal 

stresses. 

As a result the system of equations, where are 
three differential equations obtained for 
determination of tube's meridional stress am, 
tube's wall thickness 8 and material's porosity w 
on all the length of sample's deformation zone 

dar 

dr 

Om (l-2a)[3om+Q(l + k)]+kQ' 

d5 

dr 

2Q(l + a) 

8   (2a-l)(3a, 

■~Om 

•Q) 

(7) 

2Q(l + a) 
(8) 
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— = -  3a(1 ~ w)(3gm + Q) 

dr     r' Q(l + a) ' (9) 

where k=l+f-ctgcp and f - coefficient of contact 
friction between tube and mandrel, 

Q = V4(1 + a)^eqß-3CTm(l + 4a), (10) 

(l - 2a)öm + Q 
CTe =■ 

O"eo = 

2(1 + a) 

4(l + a)ß-3(l + 4a) 

01) 

4)' 

\C7eq ) 

1 - W 

■fr 

1 - w 
(12) 

0 J 

x = r/r0 , dr = d(r/r0), 8 = 8/50 , dS = d(5/80), 
a«i = CTeq /<?, ,öm = am /a, ,ae = a0/a, 8Q- 

initial value of tube's wall thickness, WQ - initial 
porosity of material, PO=1-WQ & p=l-w -initial & 

current       density       of       material, a, =a^™, 
£,. = u0sincp/r0 . 

Comparison of obtained final theoretical formulas 
of hot stretching process with corresponding 
dependencies of cold stretching [4] shows, that the 
main difference between them consists in specific 
peculiarities of using different equations of state. 
For solution of the problem of cold stretching it is 
necessary to have the diagram of material 
deformation & know level of its deformation on 
the length of tube's conic part. Revealing of these 
successfully done in [4]. At the tube's stretching in 
hot condition main role plays complex enough 
defined the equivalent velocity of deformation of 
creep, which depends on all the initial and current 
parameters of technological process: radius r, 
tube's wall thickness 8 and density of material p, 
speed of its motion on the entrance of mandrel uo 
and etc. Despite on this differences, numerical 
solution of tube's hot stretching process brought to 
the method [4]. 

For obtaining particular data of the hot stretching 
process the method of numerical integration 
algorithmized in [4] used, on the basis of which in 
the media of programming package "MATLAB" 
an universal computer program for investigation of 
tubes' hot stretching processes composed. 

All the main components of stress-strain state of 
hot deformed tubes for different values of material 
initial porosity defined. 

On the Fig.2 diagrams of porosity w (1), 

dimensionless values of tubes' wall thickness 8 

(2), meridional am(3) and circumferential cre(4) 
stresses  alteration  depending  on  dimensionless 

radius r, are brought. Continuous lines 
corresponds to the deformation of tubes with intial 
porosity WQ=0.01, dashed - WQ=0.2 for y=14°, f = 
0.1,m=0.143. 

As we can see from the Fig. 2, porosity of material 
grows and wall becomes thinner. Meridional 
stresses during hot stretching process grow, and 
increasing of initial porosity value brings to lower 
forces of deformation and significantly reduces 
circumferential stresses. 
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THE EFFECT OF TEMPERATURE, PRESSURE, AND ADDITIONS OF 
ALUMINUM IN SINTERING OF cBN POWDERS ON THE cBN->hBN 

PHASE TRANSFORMATION 

Shulzhenko A.A., Bezhenar M.P., Bozhko S.A., Belyavina N.M.(1), Markiv V.Ya.(I) 

V.N. Bakul Institute for Superhard Materials of the National Academy of Sciences of Ukraine, 
Kiev, Ukraine 

(1)Taras Shevchenko Kiev National University, Kiev, Ukraine 

In a complete multifactorial experiment, we have 
systematically studied the cBN-hBN phase 
transformation in sintering of cBN submicron 
(KM 1/0) and close to them in dispersity (KM 2/1 
and KM 3/2) powders in wide ranges of p,T- 
parameters of sintering with and without addition 
of aluminum to the mixture. Four factors were 
varied: pressure and temperature in the cBN 
thermodynamic stability region (p = 1.1 GPa, T = 
300, 1300, 1750, 2100, 2300 and 2700 K; p = 4.2 
GPa, T = 300, 1300 and 1750 K; p = 2.5 GPa, T = 
300 and 1300 K); dispersity of the initial cBN 
micron powders (Table 1); additions of aluminum 
(0, 2 and 10 mass%). The impurity composition 
being (mass%): C 0.3, O 0.2, Si < 0.01, Mg < 0.03, 
Fe < 0.01. The hBN phase was not been revealed 
in KM 2/1 and KM 3/2, while in KM 1/0 it made 
up about 1 mass%. 

Table 1 
Particle Sizes and the Specific Surfaces of the 
Initial Powders 

Powder -'-'max 

urn 
■L'med 

urn 
■L*min 

um m2/cm3 

KM 1/0 2,5 0,6 0,1 12,2 
KM2/1 3,0 1,4 0,8 4,54 
KM3/2 5,0 2,3 1,0 2,75 
Al 65,0 25,0 6,0 0,285 

The following equipment has been used for 
sintering: a 10-MN press, a toroid-type (recessed 
anvil) high-pressure apparatus, a graphite heater. 
The phase composition of the initial powders and 
as-sintered polycrystals has been studied by X-ray 
diffraction analysis using the computerized 
instrument for studying polycrystalline substances 
from their X-ray diffraction spectra, which 
incorporates a DRON-3 diffractometer (Cu-Ka 

radiation) and a software. The procedure of phase 
analysis has included the calculation of the 
intensity of reflections of XRD spectra of cBN and 
hBN as well as the use of the reference samples. 
The hBN percentage has been found corrected for 

the total phase composition of the sample [1]. The 
method sensitivity limit is 0.5 mass%. The 
experimental results have been processed using 
methods of the mathematical statistics. Depending 
on the number of varied factors, the number of 
samples for calculations of the average values 
ranged from 3 to 27. The confidence interval was 
determined with the confidence probability of 0.68. 

The hBN percentage depending on the sintering 
temperature is a curve with a maximum. At a 
pressure of 7.7 GPa the maximum shifts to the high 
temperature region. (Fig. 1). 

hBN. mass.% 
20- 
18- 
16- 
14- 

2| 

12- 
10- 
8- 
6- 
4- 
2- 

\J TI3 

0- ' r                    i I  '      i 

300 1300 1750 2100 2300 2700 
Temperature, K 

Fig.l.    cBN-to-hBN   transformation   vs.   p,    T 
parameters of sintering at 2.5 (1), 4.2 (2) and 7.7 
(3) GPa. 

In sintering of submicron powders, the phase 
transition is more intensive at the initial stage (up 
to 1750 K) and terminates earlier, i.e. at a lower 
temperature in a subsequent stage (p = 7.7 GPa, T 
= 2100-2700 K) (Fig. 2). Addition of Al to the 
initial mixture hinders the cBN-hBN 
transformation below 1750 K and intensifies it at 
temperatures from 2100 to 2700 K (Fig. 3). 

Our experimental data on the effect of the basic 
factors (temperature and pressure) on the 
cBN-*hBN phase transition (see Fig. 1) do not 
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contradict the known ideas of the equilibrium line 
between boron nitride polymorphous modifications 
and the region of the thermal activation of 
cBN->hBN and hBN->cBN transformations 
according to the Corrigan-Bundy phase diagram 
[2]. 

hBN.mass% 

1300 1750 2100 2300 2700 
Temperature, K 

Fig.2. cBN-to-hBN transformation vs. dispersity of 
the initial cBN powders: 1 - KM 1/0, 2 - KM 2/1, 
3 - KM 3/2. 

hBN. mass% 

1300 1750 2100 2300 2700 
Temperature. K 

Fig.3. Effect of the amount of the Al addition to 
the mixture on the cBN-to-hBN transformation: 1 
- with no Al addition, 2 - 2% Al and 3 - 10% Al. 

The nature of the joint influence of the initial cBN 
dispersion (see Fig. 2) and aluminum additives to 
the mixture (see Fig. 3) on the cBN->hBN phase 
transformation at the early stages of sintering 
(1300-1750 K) indicates that the transformation is 
intensified by impurities, which are adsorbed by 
the cBN powder surface, and that during the 
reaction sintering aluminum interacts with the 
impurities. A high reactivity of the aluminum melt 
with respect to impurities of light elements (O, C) 

has been the first factor to stabilize the cBN phase 
in our experiments [3]. The second factor to hinder 
the cBN-hBN transformation lies in the fact that 
the presence of the liquid phase levels the gradients 
of pressures in local volumes making them closer 
to the average values. Both the factors are better 
realized with an increase of the contact area 
between the cBN powder and Al melt. The cBN + 
Al ->• A1N + A1B2 reaction is accompanied by the 
volume and thermal effects AV + -0.047 cm3/g and 
AQ = + 2.48 kJ/g, respectively. In a similar manner 
(with volume and thermal effects to -0.02 cm3/g 
and to +3 kJ/g, respectively), reactions proceed to 
form A1B10, A1B,2 higher borides and AI3B2C48, 
AI3C2B44 and AIC4B24 ternary phases. As the 
reactions in the liquid phase end and go to the 
stage of the solid-phase reaction (2100-2700 K), 
the aluminum nitride content increases and p, T- 
conditions in the local volumes become 
corresponding to the thermodynamic stability of 
the hBN phase (pressure decreases and temperature 
increases). In the initial stage of sintering, oxygen 
and carbon play the role of initiators of the cBN- 
to-hBN transformation, while at the final stage this 
role is evidently played by A1N, which is a known 
initiator of cBN synthesis. 
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THE INFLUENCE OF BEND - TENSILE STRAINING PARAMETERS ON 
THE SUBSTRUCTURE OF COLD ROLLED SHEET STEELS 

Vakulenko I.A., Levchenko G.V. 
Iron and steel institute National Akademy of Sience, Dnepropetrovsk, Ukraine 

The investigation were carried out on the st 
08nc and st 20cn low carbon steels with the 
thickness of 0,4-0,2 mm after cold rolling by 
20 - 60 %. The bend-tensile straining (BTS) 
was carried out on the hydraulic operated 
plant with reciprocate movement of the 
deforming stand [1]. 

The increase in amount of alternating bending 
cycles is followed by the progressing loss of 
strength and metal plasticity growth. Unlike 
the evolution of Bauschinger effect (when 
alternate the unaxial loading sign) and in 
addition to the change in small plastic 
deformations resistance, it is shown the 
decrease in ultimate strength. The amount of 
maximum decrease in yield strength of BTS 
of st 08nc steel prerolled by 20 -60 % is 12 — 
18 % respectively and for st 20cn analogical 
decrease was 12-14 %. 

The substructure of cold rolled steel 
investigation shows decreasing the wide of x- 
ray interference (ß) after two alternating 
bending cycles. .Decrease of ß by BTS is a 
result of dislocations density (p) decrease by 
its introduction into the metal by cold rolling. 
The estimate of p according to the relation 

[2]: 

p — m 
ß-ctg6 \

2 

v j 

where m - orientation factor, equals to 0,8; 9 - 
angle of x-ray interference; b - Burgers 
vector. 

Shows, that in the examinated steel after any 
cold rolling deformation decrease p about 1,3- 
1,5 times. 

So, after 20 % deformation pi = 2,8 
mm"2, after two cycles BTS p2 
mm"2. Relation of pi/p2 for s 
1,55,  and  for  e  =  60   % 

W 
1,8 * 108 

20 % equals to 
this  parameter 

decreases up to 1,35. When the estimation of 
p is the according to strain hardening [3]: 

a = cr, + ajub^jp 

here: c and CTI - stresses of metal flow before 
and after BTS respectivety, a - coefficient, p - 
displacement module. 

Thus, we can suppose that the decrease of 
common density of dislocations is one of the 
reasons of decreasing the tensile 
characteristics of cold steel after BTS. The 
other cause - experimentally observable 
easing of the cold deformation texture and 
growth of the polar density orientations, 
nonconventional for the given kind of 
deformation - such as rolling. 

As a result of electron microscopy 
investigation is stated that after 20 % 
deformation the significant volumes ferrite of 
metal contain the periodical dislocational 
structures similar to cellular (fig.l). 

Fig.l. Electron microscope image the 
dislocation structure of cold rolled steel after 
20% deformation (x 19500) 
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The existence of certain quantity of cells with 
increased density of dislocations into them 
shows about noncompleted process of cellular 
substructure forming. As early as after 2 -4 
cycles of BTS the chaotic distribution into 
separate cells after rolling is changed with 
appearance the unmonotonity in distribution 
of dislocation. The cause ofthat is appearance 
of stresses from an asymmetric the energy 
field of dislocations by it moving in straight 
and back directions. As a result the observe 
annihilation of dislocations is an effect of 
turning on a small angles the particular 
microvolumes causing of shift or forming the 
new subgrain boundaries. The example of 
such of subgrain boundary after BTS is a plot 
A in fig.2. 

Thus, the base of softening process after BTS 
of cold rolled steel are a rotational effects of 
substructure elements caused by 
noncompensated moments of stresses. 
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Fig.2. Electron microscope image the 
dislocation structure after BTS cold rolled 
steel (x 19500) 
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ROLE OF THE CRYSTALLINE ELECTRIC FIELD ON THE PHYSICAL 
PROPERTIES OF REB12 COMPOUNDS 

(3) Czopnik A., Shitsevalova N.(1), Paderno Yu.(1), Krivchikov A.(2), Pluzhnikov V.(\ Bat'ko I 
Flachbart K.(3) 
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Rare earth dodecaborides - REBU (RE: Tb-f-Lu) 
crystallize in a cubic fee lattice of UB^-type (sp.gr. 
Fm3m-Oh

5) which may be considered as a simple 
cubic closest-packed lattice formed by two framework 
units: Bi2-cubooctahedrons and metal atoms [1]. 

REB12 compounds exhibit a variety of magnetic 
properties, which predominantly result from the 
well-localized 4f-shelll of RE-ions. Diamagnetic 
LuB12 becomes a superconductor below 0.4 K [2], 
YbB12 is a Kondo semiconductor [3], whereas 
TbB12, DyBi2, HoB12, ErB12, and TmB12 reveal an- 
tiferromagnetic (AF) ordering at low temperatures 
[4, 5]. The indirect exchange interaction of RKKY 
type was proposed as the dominating mechanism 
leading to AF [5, 6]. However, Gubbens et al. [7] 
have pointed to the important role of the crystalline 
electric field (CEF) for the understanding of mag- 
netic properties of TmB12. 

CEF represents one of the single-ion interacti- 
ons that plays a major role in formation of the phy- 
sical properties associated with 4f-magnetism [8]. 
In order to determine the role of CEF in magnetic 
dodecaborides, we have undertaken the study of 
these compounds, above all of phenomena which 
are sensitive to the CEF - heat capacity, thermal 
expansion and electrical resistivity. Here, we will 
present mainly their analysis in the paramagnetic 
range, i.e. beyond AF transition. The Neel tempe- 
ratures of TbB12, DyB12, HoBi2, ErB12 and TmB12 

are equal to 22.05 K, 16.35 K, 7.38 K, 6.65 K and 
3.28 K, respectively. 

As the above mentioned properties are additive 
functions of several contributions (electron, lattice, 
magnetic) we have separated the components asso- 
ciated with the CEF - Schottky heat capacity (CSch), 
magnetic thermal expansion coefficient (am) and 
magnetic resistivity (pm) - using, respectively, heat 
capacity, thermal expansion and resistivity data of 
the diamagnetic reference material LuB)2, in which 
the magnetic component is absent. 

For measurements we used high-pure sintered 
TbB12 samples and single crystals of REBi2 (RE = 
Dy, Ho, Er, Tm, Lu) grown by the crucibleless in- 

ductive zone melting in an envelope atmosphere of 
argon gas. For more details see Ref. [9]. 

The specific heat between 2.6 and 70 K was 
measured by a pulse quasi-adiabatic method; deta- 
ils are described in [10]. The temperature depen- 
dence of the relative length change {Mil) was mea- 
sured in the range (5-^200) K by a three-terminal 
capacitive method. The thermal expansion coeffi- 
cient is then a result of differentiation of the A/// vs 
T dependence on T. Details are given in [11]. The 
temperature dependence of resistivity was measu- 
red in a 4He cryostat in the range (1.6-^300) K 
using a standard dc four-probe method. 

In the Fig. 1 the magnetic components of the 
REB12 heat capacity are presented. Besides pecu- 
liarities connected with AF ordering one can see 
there the falling branches of CSch for TbB12 and 
DyBi2, and the increasing ones for HoB12, ErBj2 

and TmBi2 in the paramagnetic range. 

0.1 

n lbB12 • DyB12 

* HoBI2 + ErBu 

x    TmB, 

Fig. 1. Cm/R vs Tfor REB12 (RE: Tb 4- Tm) 

The analysis of CSch allowed to estimate the 
CEF parameters and the ground states of RE-ions 
in REBn crystal field (Table 1). The parameters 
obtained for TbBi2, however, are doubted, as under 
consent between fitting and experimental CSch cur- 
ves the experimentally received and estimated ent- 
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ropies differ considerably. For other dodecaborides 
the ground states are magnetic, and determine thus 
their magnetic ordering. For TmB,2 the neutron 
study provided similar results [12. 13]. 

Table 1 
The CEF characteristics of REB, 

REB,2 W (K) X The ground state 

TbB12 -0.29 -0.017 r2 

DyB,2 -2.00 -0.40 rV3) 

HoB12 0.73 0.42 r5
(1> 

ErB, j -0.85 0.38 1 8 

TmB 12 1.25 -0.12 r5
(,) 

In the Fig. 2 the magnetic thermal expansion 
coefficients a,„ for HoB12, ErB,, and TmB,, are 
presented. In the paramagnetic region the a,„ beha- 
vior is complex due to CEF. For ErBi2 two regions 
of negative thermal expansion are observed. 

Fig. 2. a,„ vs T for magnetic REB12 (RE: Hon-Tm) 

In case of two-level or quasi two-level systems 
a direct proportionality between CXr/, and a,„ exists, 
and so one can estimate the Grüneisen parameter 
YCEF for each CEF level [14]. For given magnetic 
REBI2. however, such proportionality prevails only 
in a narrow temperature range (see e.g. Fig. 3). The 
evaluation of temperatures, at which the contribu- 
tion from individual CEF levels to a,„ or CSci, be- 
gins to prove, has shown, that these systems have 
to be considered as multilevel ones even from (15+ 
20) K. 

The OCCEF sign for a corresponding level is defi- 
ned by the sign of its partial YCEF, and the sign of 

the total a,» is determined by the combination of 
contributions from all levels. So, an existence of 
negative regions for ErB,2 a„, is connected with the 
predomination of contributions from CEF levels 
with negative YCEF- 
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Fig. 3. Temperature dependencies of um and C,„ for 
ErB,,. 

The magnetic resistivity p„, of REBI2 (RE: Dy + 
Tm) is shown in the Fig. 4. In the paramagnetic 
region p,„ behaves unusually: for HoB12. ErB,2 and 
TmB,2 a Schottky-like maximum is observed, for 
DyB,2 a maximum is only slightly indicated. 
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Fig. 4. p„, vs In7 for magnetic REB|2. Insert: the 
magnetic resistivity of TmB,2 in p„, v.v Taxis. 

It is known that the interaction of conduction 
electrons with localized 4f-electrons results into 
two types of scattering mechanisms, and respecti- 
vely, into two types of resistivity contributions [15- 
18]. One of them is connected with the exchange 
interaction, the second with Coulomb scattering of 
conduction electrons on the aspherical distribution 
of the 4f-shell charge. Both contributions - ex- 
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change and quadrupolar - are positively monotono- 
us functions of temperature, and thus they can't 
account for the experimental results. A similar 
pm(T) dependence is usually observed in dense 
Kondo-systems. But, the energy of the 4f-shell in 
magnetic dodecaborides is essentially smaller than 
their Fermi energy EF (~5 eV [19]), which permits 
to neglect in this case the effect of the 4f- and con- 
duction electron hybridization. Similar results as in 
REB,2 were detected in TmGa3 [20] and Tmln3 

[21], both showing a similar 4f-level to ^relation. 
We don't know the mechanism, which would 

enable to describe the observed pm dependencies. 
Nevertheless, the difference in the pJT) behavior 
for various dodecaborides may be qualitatively 
explained using the above information about CEF 
levels. As the ground state of HoB]2 and TmB12 is 
the same - r5

(1), a qualitative comparison of their 
pm(T) maxima positions (108 K and 133 K) and 
energies of the first excited levels (63.3 K and 78.5 
K) may be reasonable. And indeed, the larger split- 
ting AE (78.5 K) for TmB12 is related to the higher 
temperature of the pm maximum (133 K). 

The total splitting for HoBn is equal to 416 K, 
for TmB12 - 337 K. The possible scheme of CEF 
level  splitting for DyBi2  can be  displayed as 
r8(3)(0)_^r8(2)(53 9 K)^r8

(1)(594 K) -> r6 (605 K) 
-> T7 (676 K), i.e. the energy of the first excited 
level for DyB12 is lower than the same energy of 
other magnetic dodecaborides, but the total splitting 
for it is more essential. These results agree with the 
slightly indicated pm maximum at -50 K and with 
the continuing monotonous rise of pm for DyBi2 at 
higher temperatures. 

Thus, we have shown the importance of the 
CEF on formation of the physical properties of 
REB12 compounds. We have estimated the CEF 
parameters, determined the ground state of RE- 
ions, and proposed the corresponding splitting 
schemes. Furthermore, we qualitatively explained 
the temperature dependence of their magnetic 
resistivity in the paramagnetic range. The obtained 
CEF parameters are needed to be confirmed by di- 
rect methods as it has been done for TmBn- The 
results of the magnetic electrical resistivity demand 
the development of a corresponding model. 
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MATERIALS AT THE FRONTIER OF CENTURIES 

Levina D., Chernyshev L. 
Frantsevich Institute for Problems of Materials Science of NASU, Kyiv, Ukraine 

XX century can be called as a golden one for the 
materials science. Rapid development of 
technology and industry has demanded new 
structural and functional materials having high 
level of service properties and their unique 
combination, which are able to operate in 
aggressive media, vacuum, under increased load, at 
high and low temperatures, and other extremal 
conditions. 

Every scientist can have his own viewpoint with 
respect to the most important event in the history of 
materials science in XX century, so we state here 
our version. It is impossible to consider all 
achievements of last century within one brief 
report. We will concentrate only at principal and 
revolutionary from our viewpoint. 

Great hopes of the mankind are connected with 
possible use in practice the phenomenon of 
superconductive state of materials, which was 
discovered by Camerling-Onnes in 1911. The wide 
use of this phenomenon was hindered by the 
necessity of application very low temperatures 
close to that of liquid helium (4.2K). Last decades 
of XX century were marked with the discovery of 
so called high-temperature superconductors, in 
which series the first was ceramics based on Cu- 
La-Ba system with the transition temperature to 
superconductive state 30...35K. The scientists from 
many countries have strongly investigated the 
possibility to design superconductors having higher 
transition temperatures to the superconducting 
state. The results obtained now allow for hope that 
high-temperature superconductors for practical 
applications will be designed. 

As a prerequisite for development of electronics 
and computational technology - the field which 
determined to a considerable extent the progress 
achieved by mankind in XX century - was the 
production of superpure semiconductive single 
and polycrystalline materials in which the 
concentration of harmful impurities was one atom 
per billion. The reliability, diminutiveness, fast- 
action, good economical and service 
characteristics of most (unless of all) devices of 
micro-, opto-, bio- and quantum electronics are 

assured by the use of contemporary materials with 
unique properties. 

Mechanical processing of new (and also well 
known old) materials requires making use of tool 
materials with high hardness and strength. The 
development in Germany in twenties the material 
consisting of cobalt binder and tungsten carbide 
particles initiated the use of materials of new kind, 
so called "hardalloys". Such alloys made a 
revolution in the cutting technology enabling to 
considerably (by several times) increase the 
cutting speed and giving the possibility to process 
hard metal and non-metal (glass, porcelain etc.) 
materials with machines. 

In 1953 Liander and Loodblud have manufactured 
for the first time an artificial diamond, based on 
fundamental researches of P.Y.Bridgeman, and 
this made it possible to design unique the hardest 
tools for processing hard and superhard materials. 
At present, not only fine polycrystalline and rather 
large single crystals of artificial diamond are 
produced. However, it should be pointed out that 
diamond cutting tools are little suitable for 
processing such materials as cast irons and steels, 
since high temperatures develop at the tool 
surface resulting in degradation of diamond. 

The fundamental researches of the mechanisms 
for transformation graphite-like phases in 
diamond-like ones have resulted in discovery of a 
number of high-pressure phases. Among them 
only wurtzite boron nitride (known as hexanite, 
elbor, cubanite) has found its application in the 
second half of century in making superhard tools 
operating in hazard conditions of processing 
hardened and high-speed cutting steels, high- 
strength cast iron, hardalloys, wear-resistant 
fused-over materials. 

To meet the requirements of aviation, 
cosmonautics, nuclear energy making, transport- 
machine building, and other branches of new 
techniques, the works aimed to development 
materials with special properties have been initiated 
in XX century. Among those are so called "smart" 
materials, which respond to change in outside 
influence. To such "smart" materials are first of all 
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related the discovered in 1949 in Ukraine by 
G.V.Kurdyumov and L.G.Handros materials 
having the effect of shape memory, i.e., the ability 
to restore upon heating the original shape which 
was changed by deformation. As an example of 
using these materials could be the unfolding of 
large (up to 15 m) space constructions after 
delivering them at orbit in folded, compact state. 

A promising discovery was the superplasticity of 
materials revealed upon studying the mechanisms 
of plastic deformation. The yield strength of very 
fine-grained material deformed at very high rate at 
the temperatures close to 0,3-0,4 Tmeit was shown 
to drastically decrease. This finding gives hope for 
solving very complicated problem, namely the 
mechanical processing of hard and superhard 
materials. It is necessary to design new 
technologies for high-speed deformation and 
appropriate equipment. 

For last 10-15 years the term "nanostructural 
system" has been widely used in materials 
science. To those are related the systems in which 
the specific dimensions of structure elements are 
in the range from 1 to 100 nm. It was asserted that 
nanostructural state can ensure the principally new 
level of properties of both structural and 
functional materials. 

Recently the so-called quasicrystals have been 
discovered. It is impossible to describe their 
structure with lattice consisting of periodic cells 
because it is characterized by rotational 5- or 7- 
fold symmetry, which is forbidden by classical 
crystallography. Due to their low friction 
coefficient and high wear resistance, high 
hardness and compression strength, the 
quasicrystalline alloys have found wide 
application for manufacturing parts of friction 
assemblies and as structural materials. Low 
specific thermal and electrical conductance of 
quasicrystals open the possibility to prepare thin 
films from them (with the thickness from several 
thousand nanometers to a few hundred 
micrometers) for the purposes of modern 
electronics. 

To the materials, which were unknown few 
decades  ago,  the  fullerites  should be related. 

These are the molecular crystals with high 
strength and low specific density, which are 
promising as reinforcing materials for high- 
strength composites and also as molecular 
dielectrics for micro-electronics.This substance is 
the new third form of pure carbon. At present, a 
number of fullerites are known consisting of 
molecules-fullerenes of different sizes: C28, C32, 
Coo, C240J C540, C960. 

In the second half of the last century the attention 
of scientists has been attracted by so-called 
"progressive" ceramics. Along with low specific 
weight, high hardness and chemical inertness it 
retains its high strength at temperatures up to 1500 
°C. In order to widely use those ceramics, 
especially as structural material the scientists 
worldwide work for increase its reliability and 
stability of properties. 

The materials science of composite materials has 
been developed strongly in XX century. As a 
strengthening phase, the metal and ceramic 
powders, metal, mineral and carbon fibers and 
wires are introduced in metal, polymeric, ceramic 
or carbon matrix. Just with composites the 
amazing combination of properties are possible, 
which can not be achieved in other materials. 
Such composites as hardalloys, pseudoalloys, 
dispersion - strengthened metals are widely used 
now. 

An intense interest has arose last years from so- 
called "in-situ" composites which are prepared by 
natural way upon crystallizing eutectics. For 
instance, the alloys of eutectic type based on Ti-Si 
system have structure of plastic titanium matrix 
strengthened with eutectic formations based on 
silicides and other intermediate phases of ceramic 
type, they are able to perform under dynamic 
loads, have high heat resistance and fracture 
toughness at 700-850 °C. 

Certainly, the materials science will as usual be 
actively response for challenges of time in XXI 
century. Well known materials will be improved 
and new materials will be designed, that will 
support the creation of new techniques. 
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NEW DEVELOPMENTS IN MATERIALS ENGINEERING: 
FROM COORDINATION POLYOXOMETALATE COMPOUNDS 

TO SEMICONDUCTING THIN FILMS AND COVERINGS 

Lisnyak V.V.. Stus N.V., Sudavtzova V.S>, Popovich P.(,), Slobodyanik N.S. 

Chemical Department of Kyiv National Taras Shevchenko University, 
64 Volodymyrska Str., 01033 Kyiv, Ukraine 

(1) Carls Eberhard Tuebingen Universität, Universitätstraße 10, Tuebingen, Deutschland 

Design and manufacturing of industrial 
semiconducting materials for novel devices of 
various application such as: photovoltaic 
converters, sensors, sensitive pH electrodes, semi- 
conductor thin films and covering are off special 
interest. 

Synthesis of complex oxide materials was 
carried out using polytungstenoxometalates of 
monovalent metal (Li, Na, K, Ag), and NH/ or 
organic ammines with Keggine structure as 
precursores. First soluble in the nonaqeuse solutant 
complexes were painted on the various substrates 
and dried in vacuum. Then thin films solids or in 
some cases a covering formed by complex oxide of 
tungsten were obtained. Several techniques were 
applied: reductive heating in a ultra-thin hydrogen 
beam; sample treatment using microwave or 
gamma irradiation. The special attention was given 
to synthesis of thin films and novel semi- 
conductive coverings based on tungsten-phosphate 
bronzes [1-3]. 

Elemental content was determined by the 
electron probe microanalysis (Jeol Microprobe- 
1500). The covers and thin films were studied by 
XRD (full profile analysis of diffraction pattern). 
Surface study were performed by XPS. NMR 3IP 
spectra were recorded on Bruker instrument in 
University of Paris. Magnetic susceptibility 
measurement provided on SQUID apparatures at 
50-100 K. DSC, DTA and thermal gravimetrical 
analysis of initial complexes decomposition was 
carried out using Calvet type caloremeter and 
Paulik-Erdei derivatograph. The electrical 
resistance vs. temperature was measured by 
standard two-probe technique using General 
Electric applience. 

Series of self-obtained monophosphate 
tungsten bronzes with hexagonal tunnels (MTBH) 
Mx(W03)2m(P02)4, (M=Li, Na, K, Ag, m is 
integer) have been synthesised, the series 
representatives differ by W-O layer thickness, 
which is equal to m. 

The lithium members of MPTBH have not 
been reported till present time. The MPTBH [2,3] 
usually posses 2D metallic conductivity due to 
presence of Re03-type isolated layers formed by 
corner sharing W06 octahedra. The semimetallic 
properties are attributed to delocalized electrons in 
partially filled n* conduction band formed by the 
overlap of tungsten t2g-5d and oxygen 7i-2p 
orbitals. The conductivity as well as resistivity 
anomalies, electronic instabilities and charge- 
density-wave properties of MPTBH phases are 
connected with peculiarities of their framework 
construction according to Whangbo-Canadell 
theory [4]. 

The Re03-type connected ribbons can be 
distinguished in the MTBH frameworks. For m=6 
and m=4 representatives of the MTBH series the 
ribbon composition is defined as W6026 and 
W4018, respectively (see Fig.l). 

Fig.l. Re03-type connected ribbons and 
staircase-like layer for Mx(W03)2m(P02)4 m=6, 4; 
view on [101] and [010]. 

The first tungsten octahedron of every 
ribbon shares its axial oxygen atom with the third 
tungsten octahedron of the adjacent   ribbon. The 
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staircase-like layer with each W6026 or W40,s 
ribbon as a step is formed. Ribbons W6026 and 
W4O18 and related staircase-like layers are 
represented in fig 1 (left and right pannel). 

The preferable orientation of MTBH detected 
by XRD is [010] direction normal to the substrate 
surface (see Fig. 2). Thus high-conductive 
perovskite-like layers are perpendicular to 
substrate surface, obtained thin films are one- 
dimensional conductors. 

;3W -^^M'Vf'iSl-; 
ma. 

Fig.2. Projection of Mx(W03)2m(P02)4 m= 4; 
crystal structure on [010] 

For measured MPTBH MAS 31P NMR 
spectra only one type of a signal is observed, 
which is characteristic for isolated ortho-phosphate 
groups. The signal displacement in area of low 
fields testifies the assumption about phosphorus 
atom participation in electronic density exchange 
with {W2m06m+8} layers at charge super-exchange 
interaction. 

On the base of surface study by XPS and 
spectra simulation, valent state of tungsten atoms 
was suggested. 

The wide interval of conductivity values 
10"5-104 Ohmxcrrf1 and high anisotropy (2-3 orders 
of magnitude) are characteristic for obtained thin 
films series. The considerable influence of 
substrate type on covering electrical characteristics 
has been observed. 

Typically the representatives of series with 
m < 6 are quasi-metals. MPTBH with m > 8 are 
classic semiconductors. It has been determined, 
that conductivity of lithium containing MPTBJJ is 

higher, than conductivity of other representatives, 
caused by the influence of monovalent atom 
dimensions. For members with m=6-10 the 
conductivity is on the order below than for MPTBH 

with m=4-5. It is connected with decrease of 
current carriers quantity and by layer thickness 
enlargement constructed of W06 groups, which led 
to charge density redistribution. 

The conductivity value for obtaned thin film 
increases by two or three orders of magnitude at 
wide temperature interval. The part of lga vs T 
dependence contradict with Arrhenius eqn. and 
deals with alkali metal fast ionic-transport 
contribution realized by cross-jumping mechanism 
between alkaline metal ions position. The low 
temperature part of dependence is typical for 
metallic and semimetallic systems. 

Using complex polyoxometalates synthetic 
rout and controlled reductive decomposition the 
thin films and novel covering of tungsten 
phosphate bronzes were obtained. Synthesised thin 
films posses quasi one-dimensional properties, 
which never been obtained by routine solid-state 
synthesis. Materials can be used for novel 
semiconductor design, besides as sensors for 
portative Chromatograph [5] and model objects for 
surface phenomena study. 

[1] B. Domenges, M. Hervieu M, B., Raveau. Acta 
crystallogr. 1990, B46, 610. 
[2] B. Domenges, M. Hervieu, and B. Raveau. J. Solid 
State Chem. 1988, 72, 155. 
[3] J.P. Giroult, M. Goreaud, Ph. Labbe, B. Raveau. 
Acta crystallogr. 1981, 537, 1163. 
[4] E. Canadell, M-H. Whangbo, and I. El-I. Rachidi. 
Inorg. Chem. 1990, 29. 3871. 
[5] V.V. Lisnyak, N.S. Slobodyanik, V.K.Yatsimirsky 
at el. in A.  Corma, F.V. Melo (Eds.), Studies in 
Surface Science and Catalysis, Elsevier Science, B.V. 
2000,130, 3870. 
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CHHTE3 CYBMHKPOHHWX IIJIEHOHHMX CTPYKTyP üOß 
B03ÄEHCTBHEM €>PAKTAJIbHO-MATPHMHI>IX TPAHCnAPAHTOB 

CepoB H.H., AjieKceiiueB A.B., EejibCKan T.H., EoHiiiTeßT E.3.(l), EropoBa H.B., 

MaprojiHH B.H.(2). noTcap H.A.(2) 

HcCJieflOBaTejlfcCKHH IjeHTp OOIW pa3BHTHH HOBMX MeAHUHHCKHX TCXHOJIOrHH "AHp3C", CaHKT- 

rJeTepöypr, POCCHH 

'BHLJ TOM HM. CM. BaBHJioBa, CaHKT-rieTep6ypr, POCCHH 

(2)CaHKT-rieTep6yprcKHH rocyaapcTBeHHLifi 3JieKTpoTexHH«iecKHfi ynHBepcHTeT "JI3TH", 

CaHKT-rieTepöypr, POCCHH 

Pa3BHTHe Cy6MHKpOHHOH TeXHOJIOrHH H 

HaHOTeXHO^OrHH     npHBOflST     K     HeOÖXOflHMOCTH 

pa3pa6oTKH      HOBbix      MeTOflHK      nojiyneHHa 

TOHKOnjieHOHHfelX nOKpblTHH, HTO CBH3aHO C 

JKeCTKHMH       Tpe60BaHHHMH        K        HHCTOTC        H 

cTpyicrypHOMy   coBepmeHCTBy   MaTepnanoB.   Te 

HeflOCTaXKH,    C    KOTOpblMH   MOJKHO    MHpHTbCH    B 

o6teMHbix o6pa3uax, coBepuieHHo HeTepnHMbi B 

HaHopa3MepHofi nneHKe TOJIIUHHOH B HecKonbKO 

aTOMHHX CJIOCB, nOCKOJlbKy npHMecH, HHopo/iHbie 

BKJiioHeHHfl RTIH CTpyKTypHbie HecoBepmeHCTBa 

coBepuieHHo H3MeHaiOT ee (})H3HHecKHe H 

3KcnjiyaTauHOHHbie cBoficTBa. 

OiiHaKO an« no^yHeHHH HaHopa3MepHbix H 

HaHOCTpyiciypHbix njieHOK oco6yK> BajKHocTb 

HMeeT   aa>Ke   He   CTOJibKO   peuieHHe   npo6jieM 

HHCTOTbl     MaTepHa^OB,     CKOJIbKO     B03MO>KHOCTb 

co3AanHfl HaHopa3MepHoro H3o6pa>KeHHfl Ha 

noBepxHOCTH    HaHopasMepHOH    uneHKH.    /JJIH 

MHKp03JieKTpOHHKH CTpyKTypHpOBaHHe COCT05U10 

B     C03flaHHH      H306pa>KeHHH     Ha     nOBepXHOCTH 

n^eHKH H nocjieziyiomeM nepeHoce pHcymca Ha 

CTpyKTypy mieHKH (yflaneHHe MaTepHajia). J\na 

HaHOTexHOJiorHH e^HHCTBeHHbiM nyTeM 

CTpyicrypHpoBaHHJi ABJifleTca co3aaHHe njieHOK, 

COCTOJHJJHX    H3    npeUH3HOHHO    J10KajlH30BaHHbIX 

rpynn aTOMOB H B naeane, H3 OTjiejibHbix CTporo 

H ynopafloneHHO JiOKajiH30BaHHbix aTOMOB. 

3Toro MO>KHO B npHHHHne flo6HTbcn 

npHMeHeHHeiw npeuH3HOHHbix MCTO/JOB 

Cy6MHKpOHHOH H HaHOTeXHOJIOrHH (3JieKTpOHHaa 

JlHTOrpa<J)HJI CKaHHpyKDIHHM nyMKOM, TyHHOribHO- 

30HflOBbie TeXHOJIOrHH). 

K co)KaneHHK), OHH HBJIHIOTC5! npaKTHHecKH 

HeflOCTHHCHMblMH, T.K. »BJI5HOTC5I MeTO/iaMH 

HHflHBHflyaJlbHOH   oSpaÖOTKH,    HTO    npHBOjWT   K 

npaKTHHecKH HepeariH3yeMbiM 3arpaTaM BpeMeHH 

Ha npouecc co3flanHa HJICHKH. IlosTOMy 

npeacTaBJiaeTca Henecoo6pa3HbiM o6paTHTbca K 

npHMeHeHHK) rpynnoBbix MCTO/IOB o6pa6oxKH, 

no3BOJiaiomHX 3a OAHH UHKJI o6pa6aTbmaTb 

3HaHHTejTbHbie njiomaflH noaJio>KKH H co3jiaBaTb 

peryjiapHyio ynopjmoHeHHyio CTpyKTypy 

oflHOBpeMeHHo Ha Been rniomaaH 

o6pa6aTbiBaeMoro o6pa3ua. 

HaHGojiee npHBJieKaTejibHbiM c 

npaKTHHecKofi H TexnojiorHnecKOH TOHeK 3peHH» 

HBJIfleTCH C03flaHHe B COOTBeTCTBHH C 

npoueccaMH caMoopraHH3anHH H caMOKoppeKUHH 

BHOBb nojiy^aeMbix HaHopa3MepHbix CTpyKTyp Ha 

nOBepXHOCTH nOÄflOHCKH MaKCHMajlbHO 

CBo6oflHoro or npHMecefi H CTpyKxypHbix 

HecoBepmeHCTB nepexo/jHoro TOHKoruieHOHHoro 

HJIH TOJiCTonjieHOHHoro CJIOH H peajiH3auHa Ha 

ero noBepxHOCTH HaHopa3MepHOH H 

HanocTpyKTypHpoBaHHofi njreHKH. 

AH8JIH3    HMeKDlHHXCH    pa60T    no    C03flaHHK) 

CTpyKTypnpoBaHHbix o6i>eKTOB, B TOM HHCJie H 

TOHKHX njieHOK noKa3bmaeT, MTO KpafiHe BaacHbiM 

mnnerca   TOT   (j)aKT,   MTO   Bee   npHBe^eHHbie 

3KCnepHMeHTbI nOCBameHbl B3aHMO,aeHCTBHK) c 

BemeCTBOM   4>M3HMeCKHX  HBJieHHH   HJIH  areHTOB, 

He   HaxoflfliuHxcfl   B   COCTOHHHH   pe30HaHCHoro 

B3aHM0/ieHCTBHH C HCCJie/jyeMOH HJIH 

o6pa6aTbiBaeMOH crpyicrypoH, a 

orpaHHHHBaioiHHXca npocTbiMH 

SHepreTHHecKHMH B03fleficTBHHMH. riepexoa K 

pe30HaHCHbiM HBJieiiHjiM OTKpbmaeT, no HauieMy 

MHeHHio coBepuieHHo HOBbie nepcneKTHBbi B 

o6jiacTH MaTepwajioBezieHHa. 

Oco6enHo npHBJieKaTejibHbiM ana 

3KcnepHMenT0B »B^iaeTCH MCTOä MarHerpoHHoro 

HOHnoro pacnbuienHH, no3Bo^fliouiHH nojiynaTb 

ojjHopoflHbie TOHKne  n.neHKH   c  JioKajiH3auHeH 

aTOMOB    B    TOHKe    HX    OCä>K£eHHH.     EipH    3T0M 

nojiynaeMaa njieHKa npaKTHHecKH noBTopaeT 

CTpyKTypy no^Jio>i<KH. 

IlocKOJibKy npocTpaHCTBeHHyK) CTpyKTypy 

^K)6oro o6i>eKTa Ha aTOMapHOM H^H 

MOJieKyjiapHOM ypoBHe MOM<HO npe^cTaBHTb KaK 

CHCTeiwy BOJiHOBbix naKeTOB HJIH KaK HeKyro 

BO^HOByK) CTpyicrypy, o6jia/iaH3myio CTporofi 

nepHO^HMHOCTbK), TO 3Ta nepHOflHHHOCTb 6yfler 

234 



I. FUNDAMENTAL PROBLEMS OF MATERIALS SCIENCE 

OÄH03HaHHO CBH3aHa CO CTpyKiypHMMH 

xapaicrepHCTHKaMH pemeTKH MaTepnajia. 

IlocKOJTbKy cTpyKTypHMH Kapicac 

KpHCTajiJiHHecKOH pemeTKH MO>KHO npeflCTaBHTb 

KaK HeKHH noneBOH KapKac, craTHHecKoe nojie 

KOTOporO MO>KeT 6bITfe TOnOJIOrHHeCKH 

BbipaaceHO,    a    Tonojioraa    nojia    areHTa    H 

CTpyKTypbl  KpHCTaJIJlHMeCKOH  MaTpHUbl flOJDKHbl 

6biTb noao6HH, npHHeM B COOTBCTCTBHH C HCKHM 

MaCUITa6HbIM      KOS^HHHeHTOM,      TO     TaKOBbIM 

^ocTaTOHHO yHHBepcajibHbiM areHTOM 

npeACTaBjineTCH cooTBeTCTByiomHM o6pa30M 

cxpyKTypHpoBaHHoe ajieKrpoMarHHTHoe nojie. 

npeflnaraeMbiö noaxofl 3aiuiK)HaeTca B 

C03JiaHHH yCJIOBHH OT3 pe30HaHCHoro 

B03ÄeficTBHH sjieKTpoMarHHTHoro nojia Ha 

MaTepnaji TaKHM o6pa30M, HTO6H B pe3yjibTaTe 

reHepauHH npocTpaHCTBeHHbix CTpyiayp 

B03,neHCTByiomero areHxa aKTHBHpoBaTb B 

CTpyKType o6pa6aTbiBaeMoro o6ieKTa 

BHyTpHCTpyKTypHbiH pe30HaHc ero 

6e3flet})eKTHbix 6a30Bbix CZJHHHH H, 

cjieflOBaTeJibHO, - npouecc caMOKOppeKUHH. 

Pe3yjibTaT no/jo6Horo B3aHMOAeficTBHH 6y«eT 

3aBHceTb      OT     TOHHOCTH     TonojionraecKoro 

COOTBeTCTBHH    CTpyKTypw    nOJIH    H    CTpyKTypbl 

oöteKTa      B      cjrynae      MacurraÖHpoBaHHoro 

COOTBeTCTBHS. 

OflHaKO o6biHHoe o6jryneHHe 3M nojieM c 

pe30HaHCHofi HacTOTofi He npHBeaeT K 

caMocorjiacoBaHHio H caMOKoppeKinra 

CTpyKTypbl, T.K. nojie HCOöXOäHMO 

HHcjiopMauHOHHO CTpyKTypHpoBaTb. HHCTO 

pe30HaHCHoe B3aHM0fleocTBHe npHBeaeT TOJibKO 

K Heynopa^oHeHHOMy noraoiueHHio sHepran H 

B03MO>KHOMy xaoTMecKOMy cTpyKTypnpoBaHjno. 

HacTOTHoe H BpeMeHHoe crpyKTypHpoBaHHe 3M 

nojia     He     no3BOJiaeT     floÖHTbca     HyacHoro 

CTpyKTypnpoBaHHa 

3jieKTpoMarHHTHoro 

pe3yjibTaTa,      nosTOMy      ocTaeTca      TOJTbKO 

B03MO>KHOCTb npOCTpaHCTBeHHOTO 

CTpyKTypHpoBaHH» 3M nojia. 

L(ejiecoo6pa3Ho     ana.     HH<J)opMauHOHHoro 

pe30HaHCHoro 

nojia      BocnoJib30BaTbca 

pa3pa60TaHHbIMH H H3rOTOBJiaeMbIMH 4)0H50M 

AÖpSC 4>paKTajIbHO-MaTpHMHbIMH 

TpaHcnapaHTaMH, npeacTaBJiaromHMH co6ofi 

4>OTOina6jiOH c HaHeceHHofi (J>paKTajibHO- 

MaTpHHHofi     TonoJiorHefi     H     aBJiaiornHMHca 

reOMeTpHHeCKH CHHTe3HpOBaHHMMH 

roJTorpaMMaMH c pa3MepaMH impHxa K 

HacToamewy BpeiweHH IMKM. OCHOBHOH 3aaaneH 

aBJiaeTca nojiyneHKe TaK Ha3biBaeMoro 

rpa<})HHecKoro nojia, HMeiomero 

BHyTpHCTpyKTypHyK)   AHHaMHKy,    HO    npH    3T0M 

caMa ero  CTpyKrypa ocTaeTca  CTararaecKoM  H 

HMeeT     KOHCTpyKUHK),     KOTOpaa     MOJKeT     6bITb 

BbipaaceHa rpatfrnnecKH. 
ripoBefleHHbie SKcnepHMeHTbi no nojiyneHmo 

Cy6MHKpOHHbIX TOHKHX IIJieHOK Ha nOBepXHOCTH 

OIITHHeCKH     nOJIHpOBaHHblX     IUiaCTHH     KpeMHHH 

noKa3ajiH, HTO HMeeTca oano3HaHHO BbipaxceHHoe 

BJinaHHe Hcnojib30BaHHbix flJia uejieM 

CTpyKTypHpoBaHHa nojrynaeMbix ruieHOK 

4>paKTaiibHO MaTpHHHbix TpaHcnapaHTOB 

«Aftpsc». 
ri03TOMy MO>KHO 3aKJIK>HHTb, HTO ejHlHCTBeHHblM 

peajibHbiM nyTeM co3/iaHHa HaHopa3MepHOH H 

HaHOCTpyKTypHpoBaHHOH aneHKH aBJiaeTca 

Hcnojib30BaHne npoueccoB caMooprammuHH H 

caMOKoppeKUHH    o6pa3yeMbix    cTpyKTyp    nofl 

B03fleHCTBHeM HH(|)OpMaH.HOHHO- 

CTpyKTypHpoBaHHoro sjieKTpoMarHHTHoro nojia 

JIH6O B npouecce ee MOÄH^HKauHH H 

CTpyKTypHofi nepecTpofiKH. 
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O IIPOrH03HPOBAHHM IIPOHHOCTH HACTHIJ 2KEJ1E3HMX 
nOPOUIKOB H CITEHEHHfelX MATEPHJIOB 

B. 51. EyjianoB 

"ocyaapcTBeiinoe ynpewieHiie HHCTHTYT MCTaJuiyprHH YpO PAH, EKaTepiiH6ypr, Poccna. 

Fipii pa3pa6oTKe TexHOJioniHecKHx npo- 
ueccoB H3roTOBJieHHH cneneiiHbix aerasicii c rpe- 
ÖveMblMM <j)H3HKO-MeXaHHMeCKHMH CBOHCTBaMH 
Heo6xOüHMO 31iaTb (j)H3HHeCKHe XapaKTepHCTHKH 
KaK HacTHu Hcxoanoro MaTepnajia. TaK H cncnen- 
noro ancaM6;iH H3 HHX H HX B03MO>i<iibie npc- 
aejibHbie 3naiieHHfl. 

ABTopovi c.icaana nonbiTKa onpcnancHHa 
npejeaoB ripoMHOCT» H TeKywecra pa3iiHMHbix 

30H wacTHU >Kejie3Hb!x noponiKOB H cneMeiiiibix 
MaTepnarioB  na  HX  ocHOBe,   Hcnojib3ysi   Mero/i 
MHKpOTBCpflOCTH [1]. 

Ha  nepBOM  3Tane  pa6o™  orpannHH- 
JlHCb   OIipeACJieHHCM       MHKpOTBep/lOCTH   OT/ieJIb- 
Hbix nacTHU noponiKOB. cMHTaa HX CBOGOJIHMMH 

OT KaKHX-jin6o npHMecefi (HCKyccTBemibix HJIH 

npnpo,iHbix). JUJIJ? Hero Hcno;ib30Bajiii (j)ynKnno- 
HajlbHVK) 3aBIiCHMOCTb [1-3]: 

X-1 

Hß = 2.92| ok C0"(°k 

dl ßy (i) 

r;ie a - K03(j)({)HUHeHT nponopuHOHajibnoc™, 
yHMTbiBaioiujifi CHJibi orranKHBaiiHJi MOKay aTo- 
MaviH H 3aBHcauinfi OT BajienTHoro Tuna coe.au- 
HeiIH3 (COOTHOIJUeHHJI BajieiiTHOCTH anHOna M K3- 
THOHa); k - K03CJ)(}3HHHeHT OTHOCHTeabHOH npoM- 
HOCTH XHMHMeCKOH CBH3H, HCnOCpCUCTBCHHO 33- 

BHCfllUHHOTCTeilCHH KOBaaeHTHOCTH; Cl)k, co„~ 
BaneHTHOCTH KarnoHa H anHOna; d - MOKaroMiioe 

paccToai-ine, Ä; ß - KO3CJ)(J)HHHCHT ocnaö/iemia 
npOHHOCTH CBJJ3H MOK'ay aTOMaMH, OÖyCJIOßJlCH- 
Hbif'i He npnHHMaiomnMH ywacTHe ß XHMHMCCKOM 

CB33H Ba.ieHTHbl.MH S HJIH d SJieKTpOHaMU; Y - KO- 
3(JD(j)lIHHeHTynaKOBKH 3TOMOB, onpeaeaHeMbifi HX 
KOopaHHauHOHHbiM 4HCJ10M. faunas c|)opMyjia 
cnpaBeaanBaaaH 6e3aec|)eKTHbix nacTHu. 

MllKpOTBep.'lOCTb       MHOrOKOMnOHCHTIIOrO 
MaTepnaria MO>KCT 6hiTb paccHirrana no cj)a30BOMy 
cocTaBy na ocuoBamm 3aKona azwHTHBiiocra no 
MlIK'pOTBCpjOCTH OT^eJIbllblX COCTaBJimOlUHX: 

H , „..    =  I  H (2) 

rae   H/:    -   MHKpoTBep;iocTb  c})a30Bofi  cocTaB- 

jiaroineH (cjieppHTa, neMeim-iTa, reviaraTa. Marne- 
THTa), paccHHTamiaa no (j)opMyjie (1); a, - OTHO- 

CHTejibHoe co,iep>Kanne 'rex cj)a30Bbix cocTaB- 
/IHIOIUMX B o6i>e\ie Marepnajia nopoiuKa. 

H3BecTiio, 4TO npoHHocTb MaTepuaua 
3aBiicHT OT cro TBepaocTH. flaa onpe,ae.ieHHfl xa- 
paKTepHCTHK npoHiiocTH wacTnu nopoiuKa B 3a- 

BHCHMOCTH     OT     HX    TBepaOCTH     BOCnOJlb3yeMCfl 
ypaBiieHHHMH, nojiyMCHHbiMH B paöorax [5,6]. 

M3BCCTHO,   HTO   MCTOH   MHKpOTBCpaOCTH 
OTJiHwaeTCH OT HcribiTaiina Ha TBcpaocTb no \ie- 
TO.ay BHKKepca ToabKo MenbmiiMH narpysKaMH 
[5],  H  n03T0MV TBCpaOCTb  H  BuKKepC)'  H  MHKpO- 
TBepaocTb 6e3 yncra ynpyroro BoccTanoBaenna 
ai-iaroiiaaii BbipavKaiOTca TCMH KC HHcaaMH. 

KpoMe Toro. B onpcaeaennoM Hmepaaie HV < 
400 TBepaocTb no BiiKKepcy paBiia TBepaocru no 
Bpinieaio [5], no3TO\iy, oqeBiiano. MO>KHO 3ann- 
caTb : 

HV = HU = HB. (5) 

C  yneTOM   Bbipa>Kenna   (5)   BO3MO>KHO 

HCnOJIb30BaHHC 3aBHCI1MOCTH MOK^y TBepaOCTbK) 
no BpHiiejiK) H apyrnMH MexaHimecKHMH xapaK- 
TCpHCTHKaMH 

aT = 0,333HB = 0,3331V (6) 

ab = 0,36MB = 0,3611,, (7) 

Orcioaa,  ynnTbiBaa  Bbipa>Kenna  (1)  H 

(2), noJiyMHM 

ahi = 1,05 
(    , oi,.o), „  V" 
a^-^/Sy I , (8) 

ar  =Q.912\a,k^-ßy\ ,    (9) 

abi =0.36£///(«(, (10) 

or> = 0,333 j^X«,. (11) 
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CpaBHeHHe nojiyneHHbix pe3yjrbTaTOB 

noKa3WBaeT yaoBJieTBopHnreJibHoe comacne npe- 
aesia. npoHHocTH, nojiyneHHoe no pa3JinMHbiM 3a- 
BHCHMOCTHM (3) - (10). 

XapaKTepiicTHKH npoHHOcra, nojiyneH- 
Hbie ajia >Kejie3Hbix nopouiKOB no Bbipa>KeHH5iM 
(8) - (10), oneBHflHO, cnpaBeflJiHBbi AJIH 6e3,ne- 
cjjeKTHoro MaTepnajra H 3HanHTejibHO npeBbimaiOT 

npoHHOCTb peajTbHbix nacTHu. 
MexanHMecKHe xapaicrepncTHKH Mare- 

pnajiOB 3Hawre.ribH0 imme npoHHOcra crmejib- 
HblX  HCXOflHblX HaCTHU,  MTO  TOBOpHT O  HaJlHHHH 
pe3epBa npoHHOcra, 3ano3KeHHoro B Hcxo^Hbix 
HaCTHUaX     ("3CJ3(})eKT     MHKpOnpOHHOCTH"),     npn 
peajw3au.HH KOToporo BO3MO>KHO 3HaHHTejibHoe 
yBejiHHeHne rrpoHHOCTH MaTepnaJiOB. 

C yBejinneHHeivi npoHHOcra Hacrau ny- 
Te\i HX jiernpoBaHna B03pacTaer H npoMHOCTb 
cnenenHbix MaTepHanoB Ha HX OCHOBC 

Ha ocuoBaHHH Bbimen3Jio>KeHHoro 

MO>KHO BbicKa3aTb cneAyiomee: 

1. nojiyneHHbie   BbipaaceHHH  (2),  (6)- 
(11)    n03B0JiaK)T C flOCTaTOHHQH TOMHOCTbK) OU,e- 
HHTb TBepaocTb H npoHHOCTb MaTepnana nacTHU 

>i<ene3Horo nopounca. 

2. MaTepnan Hacrau >Kejie3Horo no- 
poniKa HMeeT npoHHOCTb BHIUC npoHnocra MaTe- 
pnana, cneneHHoro H3 aHcaMÖJia 3THX >Ke MacTHU. 

3. HacTHUbi jiernpoBaHHoro >Kejie3Horo 
nopoiuKa H MaTepnajibi Ha HX OCHOBC HMeioT 
Gojibiiiyio npoHHOCTb no cpaBHeHmo c Henernpo- 

BaHHblMH. 

4. LT,ejrecoo6pa3Ha pa3pa6oTKa MCTOAOB 

nojiyneHHH MaTepnajiOB noBbimeHHOH npoHHOCTH 
C  HCriOJIb30BaHHeM  BbI5IBJieHHOrO "3(J)4)eKTa MHK- 

ponpoHHOCTH" qacTHU nopoiiJKOB. 
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SPECIFIC TECHNOLOGIES 

A WAYS FOR IMPROVING QUALITY OF POWDER TOOL STEELS 

Poznvak L.A., Ulshin V.l., Tychomyrov S.V., Sorokin U.V. 
Institute for Problems of Materials Science 

National Academy of Sciences of the Ukraine, Kiev, Ukraine 

The possibilities of improving of operational 
properties of a carbide hardened tool due to 
alloying are now practically depleted. The further 
increase of tool service life can be done only by 
application in manufacture of high-alloyed tool 
steels: modifying and microalloying, special ways 
of smelting, treatment outside of the furnace and 
also application of new powder metallurgical 
practices including Osprey, that provides 
improvement of microstructure and properties. 

Distinctive feature of powder steels obtained 
by dispersion of liquid metal is high speed of a 
crystallization of a powder (103 - 105 °C/sec). Due 
to this it is possible to obtain structure completely- 
distinct from structures formed at low 
solidification rates of liquid metal in ingo's, 

Proceeding from this, in manufacturing of 
powders of a high-speed steel of the grade M3 the 
decision was made to combine overheating 
technology of a melt and technology of gas 
dispersion. The choice of temperature of a melt 
overheating is pioved by presence of a hysteresis 
of properties (density, viscosity etc.) in 
overheating it up to certain temperature higher 
than a liquidus temperature (T) for the given steel 
grade. The melt thus becomes more 
homogeneous. Temperature of a melt has been 
lowered up to 1580-1600°C before dispersion. 
Dispersion of a melt of steel M3 was catried out 
by nitrogen at pressure 0.8 MPa. The shape of a 
powder is mainly spherical in a particle-size 
distribution -630 +50 p.m. The particles of more 
then 630 urn size had less than 3 % of blanket 
mass, fractions with the size less 100 urn were 
about 52 %, and fractions by the size -630+500um 
were about 6 % (Table 1). 

Table  1. Technological characteristics of 
powders and powder compacts from steel M3. 

JVs 
The technology of 

powders 
preparation 

Usual 

With overheating 
of a melt 

Fraction % 
<100um 

45,0 

52,0 

>500uin 

7,0 

- 6,0 

Continuation of Table 1 
Density, g/cm" (%) 

Bulk Pressing 
Comp- 
ression, 

(%) ' 
Sintering Shrinkage, 

(%) 
4,6 
(57) 

6,3 
(78) 

23 6,4 
(79) 

1,0 

5,0 
(62) 

6,4 
(79) 

17 6,9 
(85) 

6,0 

The powders of steel M3 obtain by usual 
technology of dispersion at 1580-1600°C 
contained 45 % of particles with the size <100um 
and 7 % with the size -630+500 urn. It follows 
from above, that the homogen ization and 
thermodynamic stabilization of a melt displaces a 
particle-size distribution -630+100 urn towards 
finer fractions in comparison with usual 
dispersion. 

The photos of microstructures of a powder 
of high-speed steel M3 without overheating and 
with overheating of a melt are shown in Fig. 1. 

W&. 

Fig. 1. Structure of a powder of steel M3 

(xlOOO): 
a - usual dispersion; 
b  -  with  overheating  of a  melt  before 
dispersion. 

The dendrite-cellular structure is 
characteristic for usual dispersion, while for 
dispersion with overheating - cellular structure 
with a high degree of uniformity and finely - 
dispersed equiaxial grains representing a strongly 
supersaturated (metastable) solid solution with 
practically   complete   degeneration   of  eutectic 
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carbides on boundaries of granular structure, as 
we see from Fig. 1. 

The technological characteristics of 
powders and powder compacts from a high-speed 
steel M3 after sowing, pressing and sintering are 
given in the Table 1. 

Compacts from powders were obtained by 
static pressing in a floating lower die at loading 
800-900MPa. The sintering was carried out in a 
vacuum furnace at 1180°C for 1 hour. 

The solidification shrinkage at sintering of 
tests pieces fabricated from powders with 
overheating is equal to 6 %. It is determined by 
difficult kinetics and sequence of transformation 
of a supersaturated solid solution (metastable 
structures): a structural relaxation, lamination, 
dissolution, crystallization and growth of a grains. 
Thus driving forces of these processes are: a 
fluctuation of chemical composition arising in 
decomposition of strongly supersaturated 
metastable solid solutions and excess of grain- 
boundary energy. 

The testing results on resistance of end 
müling cutters by a diameter 10mm from steel M3 
at milling of mortises in blanks from a stainless 
steel such as S 32100 have shown, that the 
resistance of steel fabricated from powders with 
application overheating of a melt is 2,5 times 
higher than that of standards powder steel M3- 
PM. 

The development of technology for making 
blanks with the given shape by a method of 
dispersion by gas of liquid metal and deposition of 
a jet of liquid and solid - liquid drops (particles) 
on a substrate (OSPREY-process) was caused by 
problems of pollution of alloys by oxides of 
powders and also with the purpose to speed up the 
whole process of manufacturing alloys, as it 
excludes a lot of power-intensive operations, such 
as: dispersal of a powder, annealing, 
degasification of capsules, cold hydrostatic 
pressing and hot gas-static pressing. 

The blanks of tool steels have been 
produced on laboratory unit for gas dispersion of 
liquid metal by OSPREY technology. The rate of 
dispersion is about 30 kg/min. Density of blanks 
is 96-98%. 

Figure 2 shows the micrographs of steel M3 
structure of blanks after annealing, which were 
produced by usual dispersion technology (a) and 
with meet overheating (b), respectively. The size 
of a carbide is less than 1,5 urn. 

a b 
Fig. 2. Microstructures of steel M3 after an 

annealing of blanks (x600) 
a- by usual dispersion technology; 
b with overheating of a melt. 

Mechanical testing showed that steel M3 
obtained by OSPREY-process with melt 
overheating and by traditional PM have 
practically identical mechanical properties. 

Thus powder high-speed steels made 
from a powder produced with application of 
overheating of a melt, are perspective for 
manufacture of the cutting tool not only 
because of fabricability of processes at stages 
of pressing and sintering, but also on their 
high serviceability. Thus, received results 
specify the large availability of new economic 
technology OSPREY-process for making 
blanks of fine steels and expediency of 
holding further explorations on development 
and realization of this technology in an 
industry. 
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EVOLUTION OF PRIMARY IRONMAKING TO THE UNTRADITIONAL 
COKE-LESS TECHNOLOGY WITH POWER GENERATION 

Tovarovskiy I.G. 
Iron and Steel Institute NAS of Ukraine by name of Z.I. Nekrasov, Dnepropetrovsk, Ukraine 

The traditional metallurgical technology, basically 
of which is the blast furnace technology, was born 
from primitive method of reception of metal in 
bloomery hearthes more than six centuries ago. It 
was developed under influence of growth of the 
requirement in metal by reduction of the resources 
base of the production. During the XTV-r-XIX-th 
centuries the blast furnace technology developed 
by increasing rates, which have not decreased also 
in XX century. The growth of specific productivity 
of the best blast furnaces in the end of each cen- 
tury was exponential and the decrease of a specific 
coke rate - close to linear, that testifies the large 
internal reserves of blast furnace technology . De- 
crease of the heat consumption and the replace- 
ment of coke by less deficit fuels have resulted in 
decrease of coke consumption on separate furnaces 
to the end of XX-s century up to 270-280 kg/thm. 
By injection of coal gasification products the coke 
rate may by decreased to the level of 180-200 
kg/thm [ 1]. 

The development of coke-less metallurgy as alter- 
natives to classical sinter-coke-blast-furnace 
scheme has gone by the way of division of the 
solid- and liquid-phases processes with realization 
them in different units. It caused new problems, 
that results in increasing of the energy consump- 
tion and returning to the integrated technologies, 
one of which - COREX has received industrial re- 
alization. 

The most effective direction of the further devel- 
opment is the coke-less blast furnace technology 
with injection of coal gasification products. The 
bases of this technology were developed at the 
Iron and Steel Institute of National Academy of 
science of Ukraine. The main goal researches con- 
sists in development pulverized coal gasifying re- 
actor for generating hot reduction gas injected into 
the blast furnaces and units of coke-less metal pro- 
duction [2]. 

It is supposed to replace in the blast furnace more 
then a half quantity of coke by noncoking coal (in 
limit - coke rate up to 180-200 kg/thm) at the first 
stage, and on second - creation of new coke-less 
technology for primary metal production. 

The tuyere reactor-gasifier is developed and par- 
tially tested. It construction futures allow to put it 
into existing tuyere device of the blast furnace 
(Figure 1). 

Figure 1. Tuyere reactor-gasifier 

The second development part supposes reorgani- 
zation of blast furnace on coke-less technology. It 
means reconstruction of the traditional blast fur- 
naces to the furnaces (Figure 2) with hot reduction 
gases injection through established around hearth 
pulverized coal reactors-gasifiers (10) and dividing 
of furnace space into a zone solid phase reduction 
(1-shaft) and smelting-reduction hearth (3) with 
arch (4) - bottom for shaft. Charge of materials 
from shaft into hearth is carried out by transporting 
screws (5) through gutters (6), and the gas from 
hearth in shaft acts through gas branch pipes (7) 
after cooling up to 900 C. 

Fig.2. Coke-less blast furnace 
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The realization of new technology will allow to 
reduce the price of metal by 20 % and gives re- 
paying of capital expenses less then 1 year. Side 
benefits of technology are an opportunity of re- 
ception of metal with the adjustable contents of 
carbon (down to steel) and preservation of an ex- 
isting infrastructure of metallurgy. 

The blast furnace technology as a uniform techni- 
cal organism that was build up during the evolu- 
tion has its system properties, which excludes the 
attempts of its "division". Therefore it remains the 
determining technological module of ferrous met- 
allurgy, the development of which will form shape 
of whole metallurgical complex. The further evo- 
lution with its reorganization to coke-less iron- 
making completely determines its dominant items 
in metallurgy [2,3].      * 

Besides of metallurgical functions (melting of pig- 
iron, ferroalloys and special slags) the blast fur- 
nace will execute power functions (reception of 
gaseous fuel) and sanitary-ecological functions 
(waste products processing). 

The power functions can be and must be ex- 
tended. In usual on balance of metal conditions 
some blast furnaces are liberated and are suitable 
for performance of function of coal gasification. 
The received reducing gas can be used as for in- 
jecting in others blast furnaces for replacement of 
natural gas and coke [4-6], and for use in other 
technological and power units including coke ov- 
ens as a high-heating fuel. So the structure of fuel 
balance of the work can be rationalized . This task 
can be decided by replacement natural gas by 
coke gas on the blast furnace technology, earlier 
developed by Iron and Steel Institute [7]. 

The main feature of use of the blast furnace as a 
gas producer is that temperature of gases, depart- 
ing from a stock column, should exceed a level, at 
which there is an intensive stressing of pitches ad- 
versely influencing a condition of gas pipelines 
and complicating technology. Most intensively 
pitches are allocated in an interval 300 - 500 °C, 
and at temperatures is higher 840°C there is their 
breaking-up. As the maintenance of temperature 
of a top gas at a level, demanded on the specified 
conditions. (> 500°C) is inadmissible on condi- 
tions of a service of the equipment of charging, it 
is necessary to apply untraditional reception - 
sharp refrigeration of gas at a run-out from a 
melting stock column. 

Essence of reception that above a stock level of 
materials, which have at the bottom edge of a 
shaft top, on a circle establish tuyeres for injecting 
cooled top gas (50-80°C), that allows after melting 
it with mine gas to receive temperature of a 300- 
500°C top gas, departing from the furnace. The 
heat-eliminating gas recirculate in the system. 
Off-site gas can be added to it. The quantity of re- 
circulating gas can be determined from simple 
balance ratio of gas components. At a choice coals 
it is necessary to prefer hard (non-bitumnious) 
coals, which allocate at heating insignificant 
quantity of pitches and are accessible enough. 

While run on the specified technology a blast fur- 
nace of volume 2000 M

3
 the quantity of gasifica- 

tion coal will make at least 1500 t/day, manufac- 
ture of gas 208000 M3/h, and metal 570 t /day. At 
the expense of the made gas can be released 
33000 M3/h of natural gas, that will match to an- 
nual economic benefit 23 million Dollars USA at 
capital expenses, commensurable with expenses 
on dismantling of the blast furnace. 
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INFLUENCE OF MELTING CONDITIONS AND OF ALLOYING WITH TRANSITION 
AND RARE-EARTH METALS ON STRUCTURE AND PROPERTIES 

OF HIGH-STRENGTH ALUMINUM ALLOYS 

Patsvna R.V.. Voropaev V.S., Goncharuk V.A., Danylenko M.I., Zakharova N.P., Lotsko D.V., 
Milman Yu.V., Samelyuk A.V., Sirko O.I. 

I.M.Frantsevych Institute for Problems of Material Science of NAS of Ukraine, Kyyiv, Ukraine 

Alloys of the AI-Zn-Mg-Cu system belong to 
the most high-strength aluminum alloys[l-3]. The 
content of the main alloying components in these 
alloys is: Zn - (5-8.5) wt. %, Mg - (2.0-3.0) wt. %, 
Cu-(1.0-2.3) wt.%. 

The most studied alloys of this system are the 
alloy 7075 that contains about 0.2 % Cr (USA) as 
well as the alloys V95 and V96Ts (Russia) alloyed 
with (Cr + Mn) and (Zr + Mn), respectively. After 
the Tl (T6 in USA) thermal treatment that consists 
in alloy solid solution treatment with subsequent 
aging at an optimum temperature the highest 
tensile test properties a0.2 = 608 MPa, av = 650 
MPa, § = 5% were observed in extruded rods of 
the alloy V96Tsl. 

A further growth of strength can be achieved 
on the account of increasing the content of the 
main alloying elements Zn and Mg, i.e. of 
increasing the amount of the r\' hardening phase. 
This way leads to a significant lowering of alloy 
ductility, in a large part due to the precipitation in 
grain and subgrain boundaries of rather coarse 
MgZn2 and Al3Mg3Zn2 intermetallics. 

Improving the melting conditions in 
combination with an additional alloying that 
influences the size of grains, subgrains and 
intermetallic precipitates may allow to achieve a 
combination of high strength properties with good 
ductility in high-strength wrought alloys of Al-Zn- 
Mg-Cu system. 

It is known that strength and ductility of 
wrought alloy samples that after the 
thermomechanical and thermal treatments 
preserved a non-recrystallized fiberlike structure 
are as a rule higher than in samples with a 
recrystallized structure. The most effective way for 
increasing the recrystallization temperature in 
aluminum alloys is introducing small additions of 
scandium or scandium together with zirconium [4]. 
It is also shown a favorable influence of these 
additions on the formation in wrought semi- 
products of a uniform substructure with fine 
equiaxial cells [4, 5]. The additional optimum 
alloying by transition metals (TM) and rare-earth 
metals (REM) may also influence the formation of 
the cellular structure as well as the formation of 
precipitates while aging, and consequently the 

level of mechanical properties. 
In this work the results of investigating the 

influence of various melting techniques as well as 
TM and REM additions (Zr, Sc, Mn, Ti, Ni, Nb, 
Ce, Cr, Hf) on the structure and mechanical 
properties of the alloy Al-9Zn-3Mg-2.3Cu are 
presented. 

Melting was carried out in an induction 
furnace in graphite and ceramic crucibles in the air 
or with the use of blowing the melt by argon. The 
melt was poured through a hole in the bottom part 
of the crucible with using a ceramic filter or 
without it into a water-cooled copper mold. 

Ingots of 55 mm in diameter and of 130 mm in 
height were extruded to rods 6 mm in diameter 
(extrusion ratio A, = 81) at a temperature of 400 °C. 

Structure of ingots and rods was studied by 
light as well as transmission and scanning electron 
microscopy. The distribution of chemical elements 
in the structure of as-cast and wrought metal was 
investigated in a Superprobe-737 device. To follow 
the strength in various stages of alloy treatment the 
Vickers hardness was measured. Tensile tests were 
carried out for samples of rods in Tl condition 
with the gauge diameter of 3 mm and the gauge 
length of 15 mm. 

It is shown that after melting in the graphite 
crucible ingots contained graphite inclusions that 
led to lowering the ductility of wrought alloys. The 
substitution of graphite crucibles for ceramic ones 
with using filters facilitated the removal of 
inclusions that deteriorated the ingot quality. A 
more complete purification of the melt from oxides 
was provided by the use of blowing the melt by 
argon. Monitoring the ingot quality was carried out 
by the "Dobatkin test" [6] technique (Fig. 1 a, b). 

A rod sample from the alloy Al-9Zn-3Mg- 
2.3Cu manufactured in the graphite crucible in the 
air was completely recrystallized and failed during 
tensile test without signs of macroplastic 
deformation, the fracture being mainly 
intercrystalline. A rod sample of the same alloy 
produced in the ceramic crucible with blowing the 
melt by argon and pouring through a ceramic filter 
was also completely recrystallized, but showed a 
high ductility 8 = 20 %. 
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Evidenily, the influence of Mn to a large extent is 
caused by solid solution hardening []]. 

Alloying the alloy AI-9Zn-3Mg-2.3Cu-0.3Mn- 
0.15Zr by Sc has led to the formation of a fine- 
grained structure in ingots produced by both 
techniques, and in extruded and Tl treated rod the 

structure was of a fiberlike and non-rccrvstallized 
character. 

The Table shows thai the additional allovine 
by TM or REM of the alley containing Zr. Sc'and 
Mn with using for melting a ceramic crucible and 
blowing the melt by argon permitted to increase 

the strength characteristics with the preservation of 
a good ductility. 

Figure 1. Detection of the content of oxide 
films in ingots by Dobatkin test: 

a - melting without blowing by argon; 
b - melting with blowing by argon. 

The structure of the as-cast alloy AI-9Z,n- 
3Mg-2.3Cu additionally alloyed with (Mn-i-Zr) was 
of a dendritic character. In the case of usinc the 
blowing by argon the dendrite structure was more 
clearly delineated, because the content of oxides 
that could be crystallization centers was in this 
case strongly reduced. 

in the extruded rod of this alloy melted with 
the use of blowing the structure in Tl condition 
consisted of coarse recrystallizcd grains (Fig. 2a). 
Fine oxides in the alloy produced without blowing 

obviously retarded the growth of recrystallizcd 
grains themselves and/or facilitated the formation 
of retarding AljZr particles, and the rod after Tl 
treatment remained non-recrystallized (Fig. 2b). 

3 
l7. 

hjL;:.*■)-■ ■/■•■■.' •:-.■: v. 

y 20|im 
■"r.\ ' i~v-<^ > 

b 
of Figure 2. Structure of Tl treated extruded rod 

the alloy Al-9Zn-3Mg-2.3Cu-0.3Mn-0.15Zr: 
a) with the use of blowing the melt by argon; 
b) without blowing the melt by argon". 

It is established that introducing Mn or 
Mn+Zr into the alloy Al-9Zn-3Mg-2.3Cu has led 
to the growth of the strength of rod samples 
together  with   some   lowering  of the  plasticity. 

Table. Tensile properties of Tl rods from in»ots 
melted in ceramic crucible with blowing the melt 

by argon 

t! Chemical composition, 
wt. % 

0(,.2- 

MPa 
<n:- j  8, 

MPa    % 
7 Äl-9Zn-3M,u-2.3Cu 1 530 j 619 20.4 
2 AI-9Zn-3Mg-2.3Cu-0.3Mn- 

[0.15Zr (baseline) 
545 1621 

i 
13.8 

P.T 3_jbaseline + 0.3Sc 696 ! 789 
4jbaselinc + 0.3Sc + 0.25 J If 700 810 14.1 
5 

«1 
baseline_J- 0.3Sc + 0.2Ni 735 807 "l0.2 
baseline + 0.3Sc -f 0.15Nb 722 824 11.4 

7 baseline-i-0.3Sc + 0.2Ce 744 809 9.56 

-« vaseline + 0.3Sc H- 0.2 Cr 725 804 10? 
y baseline + 0.3Sc + 0.2 f i     I 718 779 10.3, 

The content of elements is given by charge. 
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PRESSURE WELDING OF DISSIMILAR METALS 

Zamkov V.N., Kireev L.S., Sabokar V.K, 
E.O.Paton Electric Welding Institute of the NAS of Ukrame,Kyiv, Ukraine 

Progress in engineering stipulated the 
need to use different materials in one structure 
and, therefore, weld metals possessing 
different physical-chemical properties. The 
ovenvheiming majority of pairs of structural 
materials have a limited mutual solubility and 
form brittle intermelattic phases during 
welding. Thus, in welding dissimilar metals 
the proper choice of a method and technology 
for welding is of a decisive importance. Solid- 
state welding holds the highest promise for 
joining dissimilar metals. 

Main parameters of the process are 
temperature, pressure and time. As proved by 
investigations, the welding temperature and 
deformation conditions should cause 
relaxation processes, and primarily dynamic 
recovery and recrystallization, to occur hi the 
near-contact layers, hi welding dissimilar 
metals it is sufficient that the above near- 
contact processes occur in one, as a rule more 
ductile, of the metals welded. 

In welding dissimilar metals with a 
limited mutual solubility the quality of a 
welded joint is determined by the processes of 
mutual diffusion of materials in contact. 
Therefore, the temperature and time of 
welding should be selected so that they allow 
avoidance of formation of intermetallic phases 
in the joining zone. If there is no way for 
achieving it, then intermediate layers are used 
in such cases. 

The E.O.Paton Electric Welding Institute 
developed a process for welding titanium to 
other metals without the use of intermediate 
barrier layers and without formation of 
intermetallic phases in the contact zone. 
Welding is performed at relatively low heating 
temperatures to retard diffusion processes, as 
well as under high pressures. 

Welding is carried out in collapsible 
mandrels to preserve shape and' sizes of the 
parts welded. 

It was experimentally found that, for a 
pah of titaihum-aluminium the welding 
temperature is 500-520 °C, for titanium-copper 
it is 500-550 °C and for titanium-steel - it is 
650-690 °C. Welded joints made at such 
temperatures and under appropriate pressures 
fracture in tensile tests in a less strong metal 
(Table). 
Table. Tensile strength of welded joints 

Materials joined \ Tensile strength, 
i          MPa         ! 

Fracture    j 
location.    ; 

■VTl-O + ADl !         84-93         ■' Aluminium i 
12KM8N10T + ADO \      77.9-82.2      j Aluminium \ 
VTl-O-^Ml !       228-236 Copper     i 
VT1-0 + 2KM3 i       486-494       ■ Titanium   i 
YT1-0 + 12KM8N10T |       463-478 Titanium 

The technology for welding bimetal 
transition pieces was developed. The above 
pieces are used then for arc welding of the 
corresponding metals. For example, such 
transition pieces were employed for making of 
an original structure of the all-welded 
titanium-copper cathode for electrolytic 
deposition of copper. Such a cathode has a 
continuous service life 3-5 times as long as a 
riveted, cathode,, and allows an. increase in 
yield of deposited copper per time unit owing 
to a substantial decrease in electrolytic losses 
at the mating surfaces. 

Titanium-steel transition pieces were 
employed for manufacture of thermoelectric 
heaters with a titanium shell used to heat sea 

in       water-desalinating       plants. w ste-r 

Replacement of a steel shell of the 
thermoelectric heater by a titanium one 
allowed a fundamental extension of its service 
life. 

As shown by the tests conducted, the 
described welding method makes it. possible to 
join dissimilar metals with a limited mutual 
solubility, avoiding the use of intermediate 
layers, and provides mechanical properties of 
welded joints at a level of a less strong of the 
metals mined. 
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ELABORATING OF THE MULTILAYER BRAZED JOINT OF 
NONMETALLIC CERAMIC PLATE TO METALLIC ROD 

Zhuravlev V.S., Naidich Y.V., Grigoriev O.N., 
Prokopenko A.A., Mosina T.V., Koval A.Y. 

Institute for Problems of Materials Science, National Ukrainian Academy of Sciences, 
Kiev, Ukraine 

The procedures of nonmetallic ceramic 
plate to metallic rod nonseparated joint obtaining 
by brazing are perspective in order to solution of 
a number of technical problems. There are joints 
of the automobile ceramic turbine to metallic 
shaft, metallic electric current input to ceramic 
heater, ceramic cutter to metallic base etc. 

The difficulties of ceramic to metal brazed 
joints obtaining are caused by the specific of 
ceramic material properties: 
l)the thermal expansion mismatch (t.e.m.) is 

low in comparison to one of metal; 
2) the brittleness is high; 
3) the traditional metallic fillers do not wet the 

ceramic. 
The complex solution of Si3N4 or A1N 

ceramic rod to steel shaft of 12 mm diameter 
brazed joint producing is presented in the study. 
The next works have been carried out in this aim. 
1. It is proposed and realized the brazed joint 

multilayer structure, which consists of several 
brazed plates with set of difference for t.e.m. 
The differences of t.e.m. have been set by 
changing of the adjoining plates composition. 
The plates had been prepared by hot-pressing 
of Si3N4-TiN or AIN-TiN powder mixture 
(t.e.m. of Si3N4, A1N and TiN is respectively 
3,5XIO^K-

1
,5,OXIO-

6
K"

1
H7,5XIO-

6
IC

1
). 

2. The appropriate compositions of the fillers 
based on Cu-Ga-Ti and Cu-Sn-Ti and the 
conditions of the multilayer structure brazing 
process are determined. 

3. The foil composite fillers of different 
thickness up to 70 urn are prepared. 

4. The influence of the filler layer thickness on 
the brazed joints strength is established. It is 
indicate that the brazed joints strength is 
much greater than the filler alloy strength 
when the filler layer thickness is less than 
30 urn. The explanation of the results is based 
on Hall-Petch effect. 

5. A few methods of brazing process of the 
ceramic disk to the steel shaft, e.g. by means 
of the preliminary brazed multilayer 
insertions (the diameter is 12 mm, the 
thickness is 8 H- 12 mm), are elaborated. It is 
discovered that the adjoining plates 
composition may be changed no more than of 
10 vol.% at the edges of insertions prepared 
with Si3N4-TiN mixture. It is shown the 
perspective of hard alloys using, e.g. BK-8, as 
the insertions. 

Torsion strength of the joints of hot- 
pressed ceramic (both based on Si3N4 and based 
on A1N) to steel is 70 + 110 MPa. 
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THE DEVELOPMENT OF THE TECHNOLOGY OF THE PRODUCTING 
OF THE CHEMICALLY STABLE POROUS POLYMERIC MEMBRANES 

FOR THE BAROMEMBRANE MIXTURE SEPARATION 

Goncharenko V.V., Gvozd G.V., Churpita Ya.V., Gleevoi Yu.V., Ponirko E.F. 
National Thechnical University "Kyiv Polytechnical Institute", Ukraine, Kyiv 

The membrane processes permits to pass by 
the energy unbenefitial phase phenomena,sb 
that why this type of treatment seems to be 
attractive. Therefore, the membrane 
technologies are widely used in the various 
branches of technology, for example to 
remove disperse colloides, ionic admixtures 
(micro-, ultra-, nanofiltration, reverse 
osmosis) from aqueous solutions, to separate 
water-organic and gas mixtures (cleaning of 
spent oil and gases and so forth). It is the 
modern approach to solve such problems. In 
Ukraine the membrane methods employ to 
treat the drinking and technical water,to 
separate the gases. Domestic membranes do 
not produce, however there are own Ucrainian 
resourses for arrangement of the domestic 
membrane production. There are developed 
polimer industry in Kalush, Gorlovka, 
Severodonetsk (producting of polyethylen, 
Polypropylen, polyvinilchloride, stirol and 
divinilbenzene etc.). 

The process of porous chemically stable 
membranes based on polyurethan formation 
by termoformation was developed in this 
work. The membranes may be used for micro- 
, ultra-, nanofiltration, membrane electrolysis. 

Main core of the membrane producting 
technology: 1 stage-preparation of 
homogenized polymer composition at 
determined quantity of the porogenerating 
fillers; 2 stage-the formation of the porous 
membranes of equal maintained thickness, 
high mechanic strengthening from the 
granulated polymer. To gomogenize the 
polymer composition the original disk mixer, 
there mixing, melting and disrergation make 
in the thin surface lauer, has been suggested. 

The membrane formation realises by the 
transformation method. 

In the dependence on quantity of porous 
agent, temperature of formation, the the 
membrane samples have the characteristics as 
follows: the complete porousity of 100-150%, 
average pore dimensin of 0,1-0,5 urn, the 
water capasity under tangencial regime from 
0,3 to 25 M3/M2h. It has been stated, that the 
samples obtained have rather fit water 
permeability, and retention ability for high 
disperse mechanic and colloid particles 

Main efforts will be directed to determine the 
optimum composition, to reach desirable 
physic-chemical and expluatation 
characteristics, to optimize the technology 
process and arrangement, the trial performing 
as well. 

Main advantages of the suggested 
membrane obtaining method 

• The obtaining of the aim product 
with the minimization of wastes; 

• The    possibility    of   technology 
updating without resourse spending. 
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LOW TEMPERATURE SYNTHESIS OF MICROPOROUS SILICON 
CARBIDE MEMBRANES 

Antsiferov V.N., Gilyov V.G., Sung J. S.(,), Kim T.W.(,), Choo K.Y.(1) 

Research Center of Powder Materials Science, Perm, Russia 
Korea Institute of Energy Research, 71-2 Jang-dong, Yoosong, Daejeon, Korea 

Silicon carbide can be used for high 
temperature membrane separation because of the 
inertness to the corrosive atmosphere. Carbon is 
able to adsorb organic impurities from fluid like 
asafilter[1'2]. 

As because SiC melting point is Tmelt=2,540°C 
and the sintering temperature is 0,8 Tme„ 

[3], the 
microporous silicon carbide is stable at high 
temperature. On the other hand the sintering 
temperature of the ultra-dispersed powders of TiN 
and A IN is about 0.45 TmeIt 

[4]. Therefore low 
temperature SiC synthesis is promising to get 
microporous materials f5'6]. 

The reaction of Sis + Cs = SiC is studied. The 
influences of specific surface on the reactive 
mixture, pressing and temperature are studied with 
the permeability, durability of samples. 

The surface 40-120 m2/g of mixtures were 
obtained through the grinding with ball mill. As 
shown at Table. 1 we obtained the samples 
with porosity of 45-60%, pore size up to 0.3 
um measured by the bubbling method and 
specific surface area of 48 m2/g. 

Table 1. Characteristics of SiC synthesized in argon 

mix. 
m2/g 

Pressing 
pressure, 

MP 

Sinterin 
T,°C, 
time, h 

Porosity 
% 

-L'por; 

um 
Ssp; 

m2/g 

85 50 1600-1 61 0,5 5,9 
85 100 1600-1 58 0,47 6,5 
85 150 1600-1 54 0,41 11,0 
32 50 1300-2 57 0,5 24,2 
85 50 1600-0,5 57 0,36 8,2 
32 50 1600-0,5 56 1,0 2,3 
85 - 1600-2 58 0,56 3,6 
61 50 150-0,3 47 - 28,7 
115 50 150-0,3 54 - 37,9 
115 50 650-0,1 59 - 2,6 
46 50 650-0,1 50 - 3,7 

115' 50 1100-0.5 54 - 48.7 

As shown at the X-Ray analysis (Fig.l) the 

completely synthesized to SiC for 0.33 hours at 
1150°C in argon atmosphere. With the high- 
dispersed mixture of Ssp = 61 m2/g there are not- 
reacted silicon quantities. 

JLJJL 
l-1 I ■ l-1-IT"r I ' I ' I ■ I I'1 I ' '| i    | T-'| 1=^1-^—1 
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high-dispersed   mixture   (Ssp   =    115    m2/g) is 

i ■ i ■ i ' i ' i ■ i ' i ' i ■ i ' i ' i ' i i 

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

20, degrees 

Fig 1. X-Ray diffraction (A., KaCo) of SiC samples 
synthesized at argon atmosphere at various 
synthesis modes: 1 -1650°C, 0.17 h, 115 m2/g 
(Ssp, mix); 2 - 1150°C, 0.33 h, 61 m2/g; 3 - 
1150°C, 0.33 h, 115 m2/g 

Table 2 shows the nitrogen isotherm of samples. 
As the micro pore (radius) size is about 2,8-3,7 nm, 
SiC membrane may be used as a filter to separate 
water from the organic molecules such as methylene 
blue and phenol. 

With the porosity 50% (at Ssp = 30 m2/g; Ssp
v = 

50 m2/cm3) the effective pore radius estimated to be 
20 nm by the equation of rp = 2P/Syj„ which is 
comparable to hydrogen selective nanoporous 
membranes. 

Synthesis at C02 atmosphere 
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Table.2. SiC pore structure (N2 adsorption isotherm) 

SsnOfmix, 

mVg 
85 85 32 115 115 

Sintering 
T,°C 

1600 1600 1600 1150 1100 

Sintering 
hours, h 

1 2 0,5 0,33 0,5 

Sintering 
medium 

Ar Ar Ar Ar C02 

Porosity, % 61 - 57 54 
SBET, m7g 6,1 8,6 18,5 37,9 48,3 

SMe, m7g 3,8 6,8 16,2 30,0 44,7 
VMi, cm7g 0,003 0,004 0,007 0,015 0,020 
VMe, cm7g 0,008 0,012 0,019 0,045 0,058 
Ws, cm7r 0,011 0,016 0,026 0,060 0,078 
rPi, nm 3,6 3,7 2,8 3,2 3,2 

Therefore, the low-temperature synthesis method 
is useful to make the porous silicon carbide with high 
specific surface (up to 48 m7g) with micro pores 
volume VMi = 0,020 cm7g. 

Usually the tensile strength of the SiC obtained 
by normal sintering of powders is improved as the 
synthesis temperature increase. In the case of the 
reactive sintering such as the SiC obtained by SiT + 
CT = SiC, the tensile strength increase along with 
temperature decrease. Obviously, it is correlated to 
the pore size of synthesizing materials. Macro-pores 
formed at high temperature of synthesis and longer 
isotherm expositions decrease the tensile strength of 
material. 

These low temperature reactive sintering 
method could be used to make the two layers 
membrane selective coating where two layer 
membranes are coated by nanoporous SiC on the 
substrates made of SiC and alumina oxide. 

To obtain two-layer coated membrane the 
high-dispersed mixture of Si-30%C was used, of 
which specific surface was 115 m2/g. The mixture 
was coated on the substrate by layer and pressed by 
pressure 25 MPa. Sintering of reactive layers was 
done in argon atmosphere at 1100°C within 30 
minutes. The thickness of membrane layer, 
estimated by the mass of coating is about 200 (am. 
The obtained layer strength withstands the test of 
reverse gas blowing at 5 Bars. 

Permeability of two-layered membrane for the 
hydrogen is 3.3 times higher than that for nitrogen. 

Proportion is closed to 3,7, as per Knudsen 
equation for diffusion coefficient [7]: 

where Mi - mass of molecules, R - gas 
constant, T- temperature °K. 

Dependence of gas flow rate on pressure drop is 
linear. While for viscous flow usually gas flow rate 
deviate from the linear. Besides the viscosity of 
nitrogen and hydrogen differs in less than 2 times. 
Accounted abovementioned we can say that in 
selective layer Knudsen flow is prevailed, what can 
be reached at normal pressure in nanoporous 
materials only. 

Two-layered membrane with substrate made of 
SiC was tested within water filtration with Mn 
concentration, 1,2 mg//. After filtration this 
concentration decreased up to 0.1 mg// (measured by 
atomic-sorption analysis, made by "Proton" 
measuring device. 

REFERENCES 
1. Tomilina E.M, Lukin E.S., Kagramanov 

G.G. Durable porous ceramics based on silicon 
carbide with low sintering temperature, Refractory 
and Ceramics, 2000. Xe4. pp.12-14. 

2. Mathere J., Mirzhanov A.G., Borovinskaya 
I.P. and others Ceramic filters for drinking water 
filtering, Refractory and Ceramics, 1999. N°l-2. 
pp.43-47. 

3. Andrievski R.A. Nanocrystalline High 
melting point compound based materials, Journal of 
Materials Science. 1994. V.29. P.614-631. 

4. V.V. Dalidovitch, N.V. Fedorov, O.Ed. 
Babkin, Deriving and properties of sorption-active 
ceramic materials based on ultra-fine TiN and A1N 
powders, Journal Appl. Chem., 1994. V.67, We6. 
P.942-945 (in Russian) 

5. Gilyov V.G., Silicon carbide membrane 
materials, advanced materials and technologies 
problems, Perm, Issue.5, 2000, pp.45-52. 

6. Gilyov V.G., Reaction sintering with 
negative bulk effects // Inorganic materials. 2002. 
M3.P.371-377. 

7. Dytnersky Yu.I, Brykov V.P., Kagramanov 
G.G.. Membrane gas separation Chemistry 1991. 341 
p. 3,3 

Df-L- 
'      3 

/   [SRT 
KM', 

(1) 

251 



III. SPECIFIC TECHNOLOGIES 

MMT-PROCESS INCREASES THE LIFE OF CEMENTED CARBIDE 
ARTICLES 

Lisovsky A. 
Institute for Superhard Materials, Kiev, Ukraine 

The experimental results have shown that a 
sintered pore-free composite imbibes metal melt 
[1]. In the process of metal melt imbibition there 
occurs a liquid flow in the sintered article volume, 
deconsolidation of high-melting skeleton and 
changes in the composite material structure. The 
metal melts imbibition we called MMI- 
phenomenon [1]. The MMI-phenomenon occurs 
in the following composite materials: WC-Co, 
WC-Ni, WC-Fe, WC-TiC-Co, TiC-Co, TiC-Ni, 
Cr3C2-Ni, Fe-Cu, etc. 

Based on MMI-phenomenon as well as on 
theoretical and experimental studies of liquid 
phase migration in the sintered article volume 
[2,3] the new process of metal melts treatment of 
a sintered article has been devised (MMT- 
process). The MMT-process allows the formation 
of new structures in a cemented carbide article 
after its final sintering and develops high physico- 
mechanical properties (Table 1). In the Table 1 the 
WC-lOCo specimens prepared by a traditional 
procedure and the WC-lOCo-MMT specimens 
produced from WC-6C0 cemented carbide by the 
MMT-process were the same in composition, the 
Co-phase and WC contents, the size of WC 
particles, and differed in values of specific 
interface S/OCo. The WC-lOCo-MMT specimen 
featured a more developed WC/Co interface 
which was responsible for higher values of 
bending strength (abm), work of deformation 

(A,ot), plastic (s) and fatigue characteristics 
(Fig.l) as compared with the WC-lOCo specimen 
[4]. The develop WC/Co surface of the WC- 
lOCo-MMT specimen formed during the 
imbibition of the cobalt melt. This process was 
accompanied by a partial fracture of the carbide 
skeleton [1]. Addition of Ni caused a market 
improvement in plastical and fatigue 
characteristics of the specimens (Table 1, Fig.l), 
in this case, a slight decrease in obm and acomp was 
observed as compared with the reference WC- 
lOCo-MMT specimen. It should be noted that 
nickel stabilized the cubic modification of cobalt 
in the specimens. Cubic modification of Co (Cofcc) 
is more plastic phase as compared to hexagona 
modification of Co (Cohcp). This means that in 
cemented carbides in which the Co-phase has a 

cubical crystal lattice, stress relaxation proceeds 
easily by the Co-phase deformation. Thus, using 
the MMT-process, one can produce cemented 
carbides with higher mechanical properties. 

The treatment of cemented carbide articles with 
metal melts allows us to form gradient structures. 
The MMT-process comprises the analysis of 
stresses, which appear in a cemented carbide 
article when operates, computer modeling of a 
gradient-structured article, solution of differential 
equations for the liquid phase migration and 
diffusion, optimization of technological 
conditions for an article treatment with metal 
melts and production of cemented carbide article 
with gradient structures [5]. The melt being 
imbibed can introduce into a cemented carbide 
article various components, e.g. Ti, Zr, Hf V, Ta, 
Nb, Cr, B, Si, Ni, Al, Ru, Re, Cu, etc., thus 
alloying the article locally. By using different-in- 
composition metal melts, multilayered composites 
can be produced. Additionally, this process 
enables one to control the polymorphic 
transformation of the cobalt phase and thus to 
develop or to suppress the formation of 
nanostructures in the cemented carbide at the 
submicrolevel [6]. The process of the cobalt 
polymorphic transformation and, hence, the 
process of the gradient substructures formation 
can be controlled through the use of alloy 
additives. Alloying elements, which have a great 
affinity for carbon, form substructures at 
interfaces due to the precipitation of dispersed 
carbide particles from the liquid melt of the Co- 
phase. Alloying elements, which have a low 
affinity for carbon, form gradient substructures in 
the Co-phase due to polymorphic transformation 
of Co. Alloying elements, which increase the 
stacking fault energy, stabilize the Co(fcc) phase, 
while those, which decrease the stacking fault 
energy, stabilize the Co(hcp) phase [7]. 

Cemented carbide articles produced by the MMT- 
process acquire new features (high reliability and 
wear resistance as against the carbide articles with 
homogeneous properties). In-process tests suggest 
that the MMT-process allows wear reduction on 
milling cutters when mashining steel and iron by a 
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factor of 2 - 3, on cutters when turning high- 
temperature alloys by a factor of 2, on drilling bits 
by a factor of 2 - 3 and dies for production 
intricately profiled steel parts by a factor of 2.5. 
The MMT-process is a novelty in world practice 
of cemented carbides production. 

LgV,m/cycle 

-6.5   . 

-7 

-7.5 

-8.5 

9      10      11      12    IS    Ki, MPCIM" 

Fig. 1. Kinetic diagrams of the fatigue fracture 
toughness of the WC-Co spesimens, 1- WC- 
lOCo-MMT, 2- WC-10Co,Ni-MMT 
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Table 1. Physico-Mechanical Properties of WC-Co specimens 

Specimen 
designation 

HV, 
GPa MPa-m05 

abm, MPa Gcompj 

MPa MPa 

.tot 
Alef> 

MJ/m3 MJ/m3 
Etot, % eP,,% 

WC-6C0 

WC-lOCo 

WC-lOCo-MMT 

WC-10Co,Ni-MMT 

15.00 

13.20 

13.10 

13.00 

12.3 

14.6 

14.9 

15.3 

2000 

2310 

2530 

2460 

5000 

4550 

4460 

4340 

4620 

4010 

3890 

3780 

65 

78 

84 

101 

33 

46 

53 

71 

1.1 

1.4 

1.8 

2.4 

0.5 

0.8 

1.1 

1.7 
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USE OF PROCESSES OF BURNING FOR RECEPTION OF MATERIALS ON A 
BASIS TUNGSTEN AND ZIRCONIUM BORIDES 

Vcrchoturov A.D., Nikolenko S.V., Lebuchova N.V., Gostishev V.V.(1) 

Institute of Material Science KSC FEB RAS Russia, Khabarovsk, Russia 
'Institutes of mountain business of FEB RAS Russia, Khabarovsk, Russia 

The processes of burning are poorly investigated 
and are accordingly poorly in chemical technology 
of synthesis of refractory not metal connections: 
carbides, nitrides, borides, effective as a basis of 
materials showing high stability to influence of 
deterioration, friction, chemically aggressive 
environments. The certain interest represents 
reception dispersion metalloceramice materials on 
the basis of refractory borides with use of the so- 
called combined way [1], combining metallothermal 
reaction of connections MeYm (Y - O, S, Cl, F etc.) 
and restoring metal Me/ (Al, Mg, Ca), previous of 
high-temperature reaction of metal with contentsed 
boron component. Thus the synthesis of powders 
passes in one technological stage, in a material all 
spectrum of formed connections is used, and there 
are no difficulties with branch of collateral products, 
the high degree homogeneous and monodispersion 
of particles is provided, and in case of reception of 
powders refractory borides and materials on their 
basis is excluded negative influences of carbon on 
process of formation borides of phases. 

The purpose of the present work is the search of 
systems initial reagents, capable in a mode of 
burning to form target and collateral products 
appropriate to structure of composite ceramic 
materials on a basis tungsten boride W2B5 and 
zirconium boride ZrB2. 

The experiments were carried out on mixes 
including chemically pure reagents: connections 
zirconium - Zr02, ZrF4, Zr (S04)2 and - tungsten - 
W03, and also enriched a mineral concentrate 
containing W03 till 95-90 of mas. %, CaW04 up to 
3-7 mas. %, Si02 up to 2-3 mas. %; boron 
components - B203, B4C; a metal aluminium 
powder of the mark A7, in ratio appropriate 
stehiometric of reactions of formation W2B5 and. 
ZrB2. Metallothermal process carried out on air. A 
thermodynamic estimation of the maximal 
temperatures developing at burning of mixes for a 
case of complete passage of reaction [2], is carried 

out in the assumption of adeabatical of process. All 
allocated heat goes on heating of products of 
reactions up to Tad - adeabatical of temperature of 
burning, that is entalpy of initial substances at 
reference temperature and final at temperature of 
burning are equal: 

i[H(Tad)-H(T0)] = Q 
1=1 

Where T0 - reference temperature of products of 
reaction; Tad - temperature, up to which the products 
of reaction, Q - thermal effect of reaction are 
warmed up. Are used help thermodynamic given 
[3], including tabulated dependences of a difference 
entalpy H(T„„)-H(Tm) from temperature. In a 
number of cases of meaning are received 
extrapolation of settlement results. A choice of 
processes, in which the designed temperatures are 
sufficient for realization of burning, carried out on 
the basis of experience of experimental data 
processes of burning given in work [2], which 
shows, that at Tad < 15000K the burning does not 
occur, at Tad > 25000K of system always burn, at 
15000 K < Tad < 25000 K there is no clearness and 
the additional researches are necessary. 

As the combined way of reception borides assumes 
consecutive passage alurniniumthermal reaction of 
restoration of chemical connection up to pure metal, 
which then cooperates with boron component, the 
thermodynamic estimation adeabatical temperatures 
is carried out by us for separate reactions in system. 

The absence of burning in mixes including 
connection zirconium, is caused as show 
thermodynamic accounts unsufficient adeabatical in 
temperatures at a stage of development 1-st 
metallothermal reaction - of restoration up to metal 
zirconium. Introduction of superfluous quantity of 
aluminium will allow to carry out local warming up 
reagentes for the account high exothermal reaction 
of burning of aluminium (Tad - 4000 K). In mixes 
with zirconium fluorid the process of evaporation 
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ZrF4 is higher 1179 K. Passes of aluminiumthermal 
restoration of gaseous zirconium fluorid results in 
growth Tad in a mix up to 1700 K. Similarly in 
mixes including zirconium sulphate, the 
development aluminiumthermal of reaction 
thermodynamical is feasible at warming-up of a 
sample up to temperature above 673 K, when there 
is a decomposition Zr(S04) 2 up to Zr02 and 
gaseous S03. 

The superfluous quantity of aluminium paid off on 
thermal balance of system reagentes in adeabatical 
conditions and in view of heat of phase and 
chemical transformations. In experiments with 
mixture including ZrF4 or Zr(S04)2, B203 and 
superfluous quantity of aluminium from 25 up to 35 
mas. %, the intensive burning of mixes was 
observed, whereas in mixes stehiometric 
composition under the same conditions the wave of 
burning does not occur. The greatest exit ZrB2 is 
fixed at restoration zirconium sulphate (62-66 mas 
% from theoretical), the products of synthesis 
represent porous glass mass with inclusions of 
particles ZrB2 by the size 1-6 microns. In products 
of restoration zirconium fluorid were discovered 
ZrB2 reach 50 microns. 

In case of restoration tungsten oxide at both stages 
adeabatical temperatures are sufficient for 
distribution of a wave of burning, that will well be 
coordinated to experimental results. Use B203, in 
quality boron reagent in processes boron reagent 
with tungsten oxide results in primary formation 
metal tungsten and lowest tungsten borides It is 
probable, that the development of high temperatures 
at the first stage of process results in essential 

changes in parities reagentes at the expense of 
evaporation B203 and even at his(its) surplus up to 
50 % of weights. It fails to receive a good output 
W2B5. Satisfactory results on reception of a phase 
W2B5 (increase of an output W2B5 till 65-79 of % 
from theoretical) gives introduction additional 
refractory boron reagent - boron carbide. 

In view of the revealed features aluminiumthermal 
of restoration tungsten oxide the mode of synthesis 
of a composite material on a basis W2B5, with use 
was developed as initial reagent enriched mineral 
concentrate. The received powder material includes 
from 42 up to 55 weights. %, particles tungsten 
boride W2B5, size from 1 up to 3 microns, rest - 
particle glass phase by the size from 5 up to 45 
microns. The hardness of particles borides reaches 
32 GPa, glass phase 12-19 GPa. 
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A NEW MODEL OF PHASE AND STRUCTURE FORMATION IN SELF- 
PROPAGATING HIGH-TEMPERATURE SYNTHESIS 

Khina B.B.. Rabinovich O.S.0), Formanek B.(2) 

Physico-Technical Institute, National Academy of Sciences, Minsk, Belarus 
A.V.Luikov Heat & Mass Transfer Institute, National Academy of Sciences, Minsk, Belarus 

(2)Silesian University of Technology, Katowice, Poland 

Self-propagating high-temperature synthesis 
(SHS) is as a cost and energy effective method for 
producing refractory compounds and composite 
materials. Along with high purity due to 
volatilization of impurities, SHS-materials possess 
superior properties in comparison with similar 
compounds obtained by conventional means. This 
is due to non-traditional interaction mechanisms 
associated with extreme conditions in SHS waves 
(temperature up to 3500 °C, heating rate ~106 K/s, 
temperature gradient ~105 K/cm, rapid cooling 
after SHS and fast accomplishment of conversion, 
~1 to 10 s). Hence experimental researches are 
combined with modeling, which plays a 
significant role in studying phase formation and 
developing SHS-technologies [1]. 

In modeling SHS, most used is a formal model 
"imported" from the combustion theory where the 
reaction rate is described as 
dn/5t=(l-r|)n-exp(-mr|)- k-exp[-E/(RT)], where n 
is the conversion degree, n, m, k are formal 
parameters and E is the activation energy. Such 
approach permits studying oscillating and 
spinning regimes of SHS but it is not linked to the 
phase formation mechanisms. Since in many 
SHS-systems apparent E values are close to the 
activation energy for solid-state diffusion, a 
"diffusion-controlled growth" concept has gained 
acceptance for modeling SHS [2 et al\. However, 
in such works modeling is performed either with 
dimensionless parameters varied in a certain 
range, or with apparent activation energy 
estimated from experimental data. 

Numerous experiments have shown that, along 
with solid-state diffusion, melting and spreading 
of the reactants followed by crystallization play an 
important part in the product formation during 
SHS [3 eta!]. 

Thus, the objectives of this research are: (i) to 
analyze the applicability of the "quasi-equilibrium 
diffusion-controlled growth" concept to SHS on 
the example of the most studied Ti-C system 
using available data on the diffusion coefficients 

and taking into account a change of the geometry 
of reacting particles due to melting, and (ii) to 
develop a new model of phase and structure 
formation in SHS waves. 

A diffusion-controlled growth of a thin TiC film 
on the surface of Ti particles is considered within 
the frame of diffusion-type Stefan problem in 
non-isothermal conditions. Experimental data on 
diffusion coefficients in TiC [4,5] were used for 
estimations. Since the diffusion coefficient in ß-Ti 
is,much higher than in TiC, it is implied that ß-Ti 
is saturated with C at the temperature below the Ti 
melting point, Tm(Ti)=1940 K. Similar 
assumption is made for the molten Ti at 
Tm(Ti)<T<TSHS«2600 K [6]. Then, an asymptotic 
solution for the diffusion-controlled TiC layer 
growth can be used [7]. Calculations for non- 
isothemal conditions in an SHS wave have shown 
that with the real values of diffusion coefficients, 
the thickness of the product is small (max. 0.2 
urn), and the adiabatic heat release associated with 
the TiC formation is insufficient for sustaining the 
SHS wave. 

At the attainment of Tm(Ti), titanium can break 
the TiC case and spread because the density of 
solid Ti at T=Tm(Ti)-is pTi(s)=4.26 g/cm3 while for 
molten Ti at the same temperature pTi(m)=4.12 
g/cm3. Thus, at T=Tm(Ti) a problem for the 
rupture of the outer TiC case is considered within 
the frame of the theory of elasticity taking into 
account the non-compressibility of liquids. Using 
available data on the mechanical properties of TiC 
at elevated temperatures [5], we receive an upper 
level estimate: the molten Ti can be kept inside 
the primary TiC case only if its thickness exceeds 
»0.7R.0 where R0 is the particle radius. This is 
possible only for slow heating rates typical for 
traditional synthesis methods and sintering, and is 
not possible in SHS waves. Hence, at T>Tm(Ti) 
molten Ti spreads and the geometry of the 
reacting system changes. 

Then, another situation is considered implying 
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fast spreading: solid carbon particles are 
surrounded with liquid titanium retaining the 
stoichiometric Ti-to-C mass ratio. In this case, a 
thin equilibrium spherical film of TiC forms at the 
Ti/C interface (it should be noted that within the 
quasi-equilibrium diffusion theory a direct contact 
of solid carbon and liquid Ti below the TiC 
melting point is impossible). Asymptotic solution 
found on the basis of Ref. [7] demonstrates that for 
small-sized C particles (e.g., carbon black with ,a 
typical size -0.1 urn) TiC layer growth can 
provide fast heat release necessary for sustaining 
the SHS wave. But for graphite particles with the 
radius Ro>2 um, adiabatic heat release due to the 
TiC formation is lower, and complete conversion 
of the reactants into the product requires a "long" 
(~1 s) isothermal exposure to the SHS 
temperature. Since the diffusion coefficient of Ti 
in TiC is by orders of magnitude lower than that 
of carbon, which is typical for interstitial 
compounds, the TiC layer growth occurs mainly 
at the TiC/Ti interface, and the final TiC particles 
will be hollow. At the stoichiometric Ti-to-C mass 
ratio and the ultimate formation of TiCi.o, the final 
density of the product particles will be ppr = 
[(Piicio)'1 + (5PC)"')]"1 * 3.3 g/cm3 = (2/3)- pTiC1.o. 
This disagrees with numerous experimental data 
[3 and other works]. 

Therefore, numerical estimates performed on 
example of a classical Ti-C system reveal that the 
concept of diffusion-controlled product formation 
is not applicable to SHS. Hence, only a non- 
equilibrium phase-forming mechanism, which 
involves a direct contact of solid carbon with 
molten Ti without a continuous TiC interlayer, 
can operate in the SHS wave. Product formation 
will occur through dissolution of C in the melt and 
crystallization of TiC particles. 

For the latter situation, a new model of phase and 
structure formation during SHS is proposed. In the 
preheat zone, solid-state diffusion-limited 
interaction of the reactants results in the growth of 

a thin layer of a refractory product on the surface 
of metal particles. In the zone of thermal reaction, 
melting of the metal particles occurs. Because of 
the volume change, the molten metal disrupts the 
core of the primary product and comes into direct 
contact with a non-metallic reactant which 
dissolves in the melt. The grains of the final 
product crystallize from the melt, which brings 
about the major heat release responsible for the 
SHS wave propagation. The crystallization 
process accomplishes in the after-burn zone. The 
model includes heat transfer equation, the 
equation for the diffusion-limited growth of the 
primary product and the crystallization kinetics of 
the final product based on the Kolmogorov- 
Avrami approach. 

Partial support from the Belarussian Fundamental 
Research Foundation (grant X02P-037) is 
acknowledged. 
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MECHANOCHEMICAL SYNTHESIS OF NANOCOMPOSITES IN METAL- 
OXIDE SYSTEM 

Grigorieva T.F.. Ivanov E.Yu.(1), Barinova A.P., Boldyrev V.V. 
Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia 

(1)Tosoh SMD Inc., Grove City, Ohio, USA 

Metal-oxide nanocomposites can be used to 
obtain ultrafine metal catalysts on an oxide 
substrate, current-conducting ceramics, 
magnetic materials, etc. 

Mechanochemical approach allows obtaining 
such nanocomposites by the joint treatment of 
a metal - oxide mixture. However, this 
requires substantial consumption of power 
and time, and is accompanied by the 
contamination of the product with the 
material of milling bodies. Higher dispersity 
and uniformity are achieved in the systems in 
which one can perform mechanochemical 
reduction of the oxide with a metal. 

The processes involving mechanochemical 
reduction of copper, bismuth, tin, indium by 
various metals were investigated; the list of 
thus obtained nano-dispersed composites 
include bismuth on aluminium and zirconium 
oxides; copper on nickel, magnesium and iron 
oxides; tin on aluminium and tantalum oxides. 

It is demonstrated that this mechanochemical 
process occurs for pairs with negative reaction 
enthalpies; the process dynamics is 
determined by the mechanical properties of 
the components. 
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MODELLING HOT-WIRE CHEMICAL VAPOUR DEPOSITION OF 
NANOCRYSTALLINE SILICON THIN FILMS 

Bruehne K., Rakhlin M., Schubert M. 
Institute of Physical Electronics, University of Stuttgart, Stuttgart, Germany 

The need for large-area and flexible 
microelectronic devices has stimulated 
significant interest in thin film silicon 
deposition technologies. Hot-Wire Chemical 
Vapour Deposition (HWCVD) presents the 
advantages of high depositi on rate for 
amorphous silicon (a-Si) solar cells, and low- 
temperature processing of dielectrics like 
SiNx. 

Since little is known about the decomposition 
and gas phase processes which eventually 
lead to film growth, we test a simple two- 
phase model against a wide range of 
experimental data on deposition kinetics [1, 
2]- 

For this study, amorphous silicon (a-Si) and 
nanocrystalline silicon (nc-Si) films are 
deposited in a multi-chamber cluster tool 
(MV Systems Inc., Golden, CO, USA) by 
HWCVD. The volume of the multi-wire 
HWCVD chamber amounts to 0,15m3, and 
the distance between substrate and wire to 5 
cm. The Si films are deposited onto 5x5 cm2 

7059 Corning glass. The deposition pressure 
varies within the limits of 3 ■*- 800 mTorr 
(0,27 -5- 53 Pa); the flow rate of H2-diluted 
SiHt within 1 -^ 100 seem; the substrate 
temperature between 300 - 500°C; and the 
filament temperature within 1500 -*■ 1900°C. 
The filament materials under investigation are 
pure tungsten, tantalum, and graphite. 

In order to refine our modelling, we check the 
dependency of the growth rate on substrate 
temperature, deposition pressure, temperature 

and material of the filaments [1]. We analyse 
the type of gas flow in the reaction zone, and 
calculate the effect of thermal diffusion on 
single components of the flowing process gas 
at the substrate site. Moreover, Structural 
characteristics of deposited films [1]. 

As a result of these investigations, we can 
deduce: i) The molecular gas flow in the 
reaction zone is laminar; ii) Two well 
separated areas control the film growth, one 
area of catalytic reactions close to the 
filaments, where activated complexes 
[Si2Hn*, n = 2,4,6] are formed, and a thermal 
diffusion area, where these complexes diffuse 
and decompose to form thin silicon films at 
the substrate, iii) The rate-limiting step is 
thermal diffusion of the activated complexes 
[Si2Hn*, n = 2,4,6] towards the substrate. 

This finding is consistent with a low 
activation energy of the deposition process 
(Eact ~ 1,8 kJ/mol), and with the growth-rate 
dependency on deposition pressure, gas flow 
rate and filament temperature. By identifying 
the rate-limiting step, we are able to present a 
diffusion-controlled description equation for 
the film growth, which well reproduces the 
experimental data. 

The proposed two-zone model not only 
accounts for the kinetic parameters of the 
HWCVD process, but also explains the 
influence of other deposition parameters, like 
substrate as well as filament temperatures, or 
filament material. 

/ K Bruehne, et.al. Thin Solid Films 395, 163-168 (2001). 
2. E.C. Molenbrock et.al. J.Appl.Phys.., 82(4), 15.08.97, pp.7278-7292 
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Structure and properties of coatings from the chromium-based 
alloys obtained at supersonic plasma speed 

V. Gorban1, S. Petrov2, E. Grechishkin1 

' Institute for Problems of Material Science, National Academy of Sciences of Ukraine, Kiev, 
e Scientufic production assosiation "TOPAC", Kiev, Ukraine 

Parameters of mechanical and service 
properties, and profitability of the process of gas- 
thermal coatings appreciably depends on the 
speed of plasma flow. Now processes with the use 
of supersonic plasma are most perspective for 
industrial application [1,2]. 

The work purpose is research of influence 
of supersonic air-gas plasma and detonation 
coatings on the structure and service 
characteristics of coatings from chromium-based 
alloys as alternatives of galvanic chromium 
plating. 

The influence of frictional structure of 
granulated powder on properties of coatings has 
been determined. Such characteristics, as 
hardness, porositu, adhesion and roughness of the 
surface of coatings are in direct dependence on the 
size of the used powder fraction. So the hardness 
and porositu of coatings change from 10 GPa and 
1 % at the size of a powder 20-30 microns to 7 
GPa and 3 % at increase of a fraction up to 50-100 
microns accordingly. 

The comparison of properties of coatings 
from chromium-based alloys obtained with the 
help of supersonic air-gas plasma and detonation 
coatings on a fraction of powder 20-40 microns is 
carried out. The differences in properties are 
submitted in Table. 1 

Table 1. Some properties of coatings from 
the chromium-based alloys depending on 
technology 
Method    of 
coatings 

Spraying 
distance, 
mm 

Hard- 
ness, 
GPa 

Porosi- 
tu, % 

Adhesi- 
on, MPa 

Supersonic 
plasma 

200-250 9 2 50 

Detonation 15-200 10 1 60 

The structure of the coatings from 
chromium-based alloys is investigated. The 
characteristic feature of their structure is poorly 
expressed layering. The electron-microscopic 
structure of supersonic coatings showde thet their 
matrix is a Cr-base fee solid solution with grain 
size raning from 0.5-3.0 microns. The grain 
boundaries were smooth as in the crystallized ma- 

terial. The defects were indentified as the disl- 
ocation loops with an average densitz 1012 CM '2. 

The phase structure of coatings is 
determined, presence of oxides Cr203, Cr304 is 
characteristic of them, in connection with high 
affinity of chromium to oxygen. High-temperature 
instable oxide CrO characteristic only of coatings 
from the chromium-based alloys received in flows 
of supersonic plasma is found out for the first 
time. Tetragonal Cr304 is present in all gas 
thermal coatings from the chromium-based alloys 
and is caused by high speeds of cooling. It is 
established, that for formation of CrO except for 
high speed of cooling it is necessary that 
temperature of heating of particles did not exceed 
1600 K. This is promoted by small time of powder 
stay in a flow of supersonic plasma and formation 
of a steam jacket of sublimation products around 
them. 

High-temperature characteristics of the 
given coatings (hardness, strength, bend angle) are 
determined in the work. So the ultimate strength 
of coatings produced using supersonic air-gas 
plasma reaches a level of 200 MPa, that is a little 
bit lower than a level of ultimate strength of 
compact chromium (210 MPa). 

The researches of the characteristics wear 
resistance of coatings in conditions of dry friction 
and borderline lubrication (Table 2) are carried 
out. 

Friction-induced deformation is localized as 
structural inhomogeneities indicate. Study of 
surface microhardness of the friction has revealed 
three typical structural components with different 
values of hardness. 

Electron microscopical stude of the 
coatings surface after frictional indicated same 
regions coatong grains of initial size with clear 
0,2-0,3 microns fragments and regions with 
numerous microcracks. 

Direct dependence of the weaf level on the 
coating microhadness is the basic found 
regularity, which is characteristic of the friction 
points in conditions when the mechanism of 
elastic rejesction provails. 

Table 2. The characteristics of deterioration 
(micron)  of coatings  from the  chromium-base 
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alloys depending on technology of reception and 
test specifications 
Conditions testin Supersonic 

plasma 
Deto- 
nation 

Dm frictin, 
v=0,15m/s, 
P=30H 

Static 
Weaf, jxm 
f 

0,33 
0,041 

0,21 
0,036 

dinamics 
wear, um 
f 

3,4 
0,22 

2,7 
0,26 

Boundaru 
grising, 
T=473     K 
v=14m/s, 
P=1H 

wear 
coating 

wear rider 

32 

21 

64 

70 

Table 3. The characteristics of corrosion 
resistance of coatings from the chromium-base 

The influence of technology HaroaneHHS on 
the characteristics of corrosion 
stability(resistance) of coatings from the 
chromium-base alloys is established. Is shown, 
that with increase of speed of a flow of plasma the 
protective characteristics of coverings (Table. 3) 
raise. 

From the table follows, that at supersonic 
flows of plasma a current dissolution of system 
the coatings - CT 3 decreases, i.e. comes in 
conformity with corrosion resistance materials of 
itself coatins. It speaks about high density of a 
coatings and its good adhesions to a basis 
materials. 

The 
characteristics 
of coatings 

Superso- 
nic 
plasma 

Detona- 
tion 

Cr 
compact 

Porosity 
common 
transparent 

2 
0,025 

1 
0,05 

0 
U 

Speed   of   dis- 
solution, A/m2 * 1,0 0,25 0,20 
Heat   resistance 
at     1273     K, 
mg/sm2 

0,0101 0,0101 0,0092 

*-at potential 0,70 B. 

Thus detonation coatings have higher 
hardness increased characteristics adgesion and 
wear- and corrosion resistens, however 
considerably lose in productivity and demand 
narrower fraction of powders for reception 
optimum behaviour of coatings. 

Literature 
1. Boricov J.S., Petrov C.V. Ispolsovanie 

cverxzvycovoy stmi v texnologii gas- 
termicheckogo napylenij // Avtomaticheskaj 
svarka -1995.-Nl.-P. 41-44. 

2. Petrov C.V., Saakov A.G. Plasms 
produktov sgoranij v ingenerii poverxnosti. - 
Kiev: TOP AC. - 220 p. 
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INVESTIGATION OF CONDITIONS FOR FORMATION OF 
INTERMETALLIC PHASES DURING DETONATION SPRAYING OF CLAD 

NI-AL POWDERS 

Astakhov E.A.. Mitz I.V., Kildiy A.I., Kokorina N.N., Kaplina G.S. 
E.O. Paton Electric Welding Institute of the NAS of Ukraine, Kyiv, Ukraine 

The processes of plasma spraying of nickel clad 
aluminium powder are studied in [1], Coatings of 
the above powders posses high properties, such as 
resistance to fretting corrosion at low and high 
temperatures, resistance to wear under the effect 
of a flow of abrasive particles at high 
temperatures, corrosion resistance, etc. These 
properties allow the Ni-Al coatings to be applied 
for protection of surfaces of different-purpose 
parts: thread feeders in textile industry, gas 
turbine engine components, heat exchangers, 
boiler and petrochemical facilities, crucibles for 
metal melting, crankshafts, cylinders, pistons and 
valves in internal combustion engines, etc. 
Thermal spray coatings of Ni-Al are widely 
applied as a sublayer for Zr02 heat-protection 
layers, and for repair of parts made from different 
grades of steels. 
High properties of the Ni-Al coatings are provided 
by intermetallics NiAl and Ni3Al. 
As detonation coatings are superior to the flame 
and plasma ones in porosity (porosity is less than 
1 %) and adhesion strength, it is of interest to 
study the possibility of producing coatings as a 
result of the exothermical reactions by the 
detonation spraying process. 
We investigated the effect of detonation spraying 
parameters on the process of phase formation, 
morphology,    phase    composition    and    some 

properties of coatings resulting from spraying the 
nickel clad aluminium powder. 
Powder PALN-80 (according to TU 48-3-92-84) 
with a particle size of 40-60 urn, produced from 
the carbonyl gas phase in a vibro-fiuidized bed, 
was used as a spray powder. The ratio of Ni:Al 
was 80:20. 
Spraying  was   performed   using  the   "Perun-S" 
detonation gun. 
In detonation spraying the time of the dynamic 
and thermal effect by detonation products 
(temperature 3000-3250 °C) on the powder is 
approximately ~3xl 0"3 s, and the time of impact 
deformation of the spray material particles 
moving at a velocity of 500 m/s to 1000 m/c is 
approximately -10"7 s. This time is enough to heat 
the nickel powder particles 40 u,m in size to a 
melting point. Therefore, spraying of the clad Ni- 
Al particles, where the initial stage of formation 
of intermetallics begins as early as at a 
temperature of 600 °C, provides all necessary 
conditions for occurrence of reactions. In addition, 
it was confirm the possibility of formation of 
inetrmetallic NiAI3 with microhardness of about 
4500 MPa even at the boundary of interaction of 
the nickel coatings with an aluminium foil. 
Spraying process conditions are given in Table 
and structure coating on the figure. 

JYS" 

Table. Detonation sprayin s parameters 
Working gas flow rate, m7h Fuel to 

oxidizing 
and neutral 

gas ratio 

Channel 
length, 

mm 

Shooting 
rate, Hz 

Spraying 
distance Fuel Oxidizer Neutral gas 

Propane- 
butane 

Acety- 
lene 

Oxygen Nitrogen in 
compressed air 

1 0.45 1.55 0.68 1.0:3.5:1.5 550 6.6 100 
2 0.45 1.55 0.68 1.0:3.5:1.5 550 6.6 200 -> 
J 0.60 0.80 0.68 1.0:1.3:1.1 550 6.6 100 
4 0.60 0.80 0.68 1.0:1.3:1.1 550 6.6 200 
5 0.60 0.80 0.68 1.1:1.3:1.1 1100 3.3 100 
6 0.45 1.55 0.68 1.0:3.5:1.5 1100 3.3 100 

The coatings sprayed were studied by 
metallography using the "Neofot-32" microscope 
and by X-ray diffraction phase analysis (XDPA) 
using the "Dron-3" diffractometer in 
radiation. 

Kr/Co 

XDPA identified the presence of almost the same 
phase in the coatings produced under all process 
conditions: y - Ni (solid solution), Ni3Al, NiAl, y- 
A1203, a-AI203, NiO and Ni203. The coatings 
sprayed using a long channel and both acetylene 
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and propane-butane employed as fuel gases 
contained no free aluminium. That could be 
caused by several factors: increase in the degree 
of occurrence of the reaction to form intermetallic 
compounds, higher oxidation degree or both, 
which most probable. Metallography of 
microstructure of the coatings (modes 5 and 6) 
confirms the presence of about 25 % of the oxide 
phase in the case of using acetylene and about 40 
% in the case of using propane-butane as the 
working gases. It should be noted at this point that 
XDPA does not allow evaluation of the 
quantitative relationship of phases present in the 
coatings because of often coincidence of values of 
their interplanar spacing. Metallography 
identification of phase components of the coatings 
was based on earlier investigations of plasma 
spraying of composite powder Ni-Al [1], which 
had proved the presence of the following phase 
components in coatings: 
1. Gray-blue phases with microhardness of 

5300-6200 MPa-NiAl 
2. Light-yellow phases with microhardness of 

4500-5000 MPa-Ni3AI 
3. Phases of variable colours, from dark-yellow 

to blue, with microhardness of 7500-9000 
MPa - solid solution of Ni in NiAl of a 
variable composition (from NiAl to Ni3Al) 

Comparison of the spray coatings with acetylene 
used as a working gas shows that all the modes 
share the yellowish colour dominating in 
structures of the coatings, which is indicative of 
the presence of a large amount of the y-Ni solid 
solution and Ni3Al phase. Also they share the 
absence of initial non-reacted composite particles 
and a lamellar structure, the degree of elongation 
of lamellae being different for different variants of 
spraying The     most     favourable     structure 
characterized by a high density and high adhesion 
of a coating to the substrate, low porosity and 
uniform distribution of phase components is that 
of a coating spraying using mode 3, 4 (Fig.c, d). 
Structure of this coating is characterized also by a 
low content of oxide inclusions, which is proved 
by a minimum value of hardness, HV30o = 2830 
MPa.. A coating sprayed by mode 5 has the 
highest hardness HV300 = 4810 MPa, which 
resulted from an increase in the degree of 
completion of the reaction and insignificant 
oxidation: up to 25 % of finely dispersed oxides 
were revealed in structure of the coatings. In 
addition, the coatings contained cracks located 
normal to the substrate (Fig. e). The cracks were 
caused   most  probably  by  an   increase   in  the 

amount of the powder fed to the detonation unit 
channel per cycle. 

■*i*t^**i % -   ~   '-    £*Se*Z.'"~^ *^t*'£'"<*> ""**s*'riKsi. 

~«v'Cr;-'.:-    ■■"€*'■'*■■*■. 

'"' c -'mbae 3 d - mode 4 

e - mode 5 f- mode 6 

Fig. Structure of detonation coatings from Ni-Al, 
x400. 

The main distinctive feature of the spray coatings 
produced with propane-butane used as the fuel gas 
is an increased amount of non-reacted composite 
particles (Fig. a, b) and an increase of up to 40 % 
in the content of oxides, especially in the case of a 
long channel of the detonation unit. In this case a 
coating has a clearly defined laminated structure 
with smeared boundaries between phase 
components (Fig. f). The high content of oxides 
results in high hardness of the coatings, i.e. HV30o 
= 5140 MPa. The metal component of structure of 
all the coatings sprayed with the propane-butane 
fuel gas, which is yellowish in colour, is most 
probably y-Ni. In addition, in the case of propane- 
butane used as the fuel gas the degree of 
homogeneity of structure the coatings is lower and 
hardness is higher, vaiying from 3210 to 5140 
MPa, in comparison with hardness of the coatings 
sprayed with the acetylene fuel gas, which varies 
from 2830 to 4010 MPa. 
Therefore, it was established that the exothermic 
reactions did take place during spraying, resulting 
in formation of intermetallic phases. 

Reference 
1.   Borisov Yu.S.  et al.  Plasma heat-resistant 

coatings   of   composite   powders   //   Heat- 
resistant and high-temperature coatings. - L.: 
Nauka.-1969.-P. 273-286. 
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EVALUATION OF SERVICEABILITY OF PLASMA COATINGS ON 
BODIES OF ROTATION 

Shevchenko V„ Belchikov E. 
Zaporizhzhe National Technical University, Zaporizhzhe, Ukraine 

The development of mechanical engineer- 
ing is defined by an opportunity of creation of 
new constructional materials and technologies, 
which correspond to a complex requirements of 
modern industry and new technologies. The appli- 
cation of plasma has given an opportunity to cre- 
ate new compositions, which combine high dura- 
bility with reliability. 

With the help of plasma coatings they re- 
ceive special properties of working surfaces (high- 
temperature strength, heat conduction etc.); and 
also economy of expensive metals. It is necessary 
to note a role of coatings for increasing of con- 
structional durability as conditions, which provide 
formation of a composite product with different 
properties of a surface and volume. 

The increasing of durability, hardness and 
wear resistance of metal is accompanied by in- 
creasing of probability of fragile destruction. The 
plasma coatings technologies allow to create 
composite materials (detail), which unite wear 
resistance surface with plastic and crack resistance 
basis. 

Developing of new materials for protective 
plasma coatings it is necessary to predict and 
evaluate the mechanical characteristics of depos- 
ited layers, which define their serviceability. The 
inadequate values of adhesion, characteristics of 
elasticity and plasticity, thermal expansion of a 
coating etc., in aggregate, can cause crack creation 
during the initial stages of coating formation. 
Work ability of a coating is function of significant 
quantity of deposition parameters, which amount 
more than 60 [1]. These factors and also influence 
of probability processes define difficulty of fore- 
casting of serviceability of coatings and optimiza- 
tion of technological processes. For example, the 
adhesion nature is investigated and is classified in 
works [1,2]: 

1. Force of mechanical connection; 
2. Force Van-der-Vaalse; 
3. Force of chemical connection. 
The forces of chemical connection are most 

important. That is explained by a low level of 
forces of previous types (10,0-20,0 MPa). I.e. 
forecasting and management of adhesion can be 
carried out at the expense of definition of set of 
chemical and power conditions of "basis-coating" 

interaction. In work [1] is proved, that considera- 
tion of process of interaction "coating - basis " 
only from a position of the theory of welding pro- 
cesses gives results, which not exact and do not 
give a complete picture. Besides they characterize 
only qualitative part. 

The complex researches of the mechanic 
characteristics and properties of coatings, analysis 
of dependence " parameters of technological proc- 
ess - structure of a coating - property " are a per- 
spective direction in the field of new materials 
development. 

The plasma coating, is a body, which lim- 
ited by two surfaces, distance between these sur- 
faces is small in comparison with other sizes of a 
body. Prevailing amount of details, which is suit- 
able for restoration and hardening by deposition - 
body of rotation. Thus, the coating for this type of 
details can be considered as thin-walled shell. 
That affords a capability for research of stress - 
strained state of plasma coatings) with the help of 
a differential equation of a radial trough of a shell, 
which one is under operating of axially symmetric 
mechanical and temperature loads [3]: 

D 
d4a 

dx4 

Eh        n    Eh   „ 
+ —r-co = P + — aT0- -D(\+^)^-(a^-),{\) 

dx'        h 

where: D = - Eh' 
- flexural rigidity, Nm; 

\2(\-HL) 
modulus of elasticity of the maiden kind, 

Pa; 
h - depth of a shell, m; 
a - radius of a median surface of a shell, m; 
p - the spread load (pressure), which one is 

applied on a median surface of a shell, N/m2; 
a - coefficient of linear expansion, °C"'; 
T0 - temperature of a median surface of a shell 

AT - temperature difference external and inter- 
nal surfaces of a shell,, °C; 

ju - Poisson's constant. 
If the basis for coating to produce in the 

shape of a lengthy cylindrical shell, radial move- 
ments of points of a median surface of a basis (ra- 
dial trough) under condition of absence of tem- 
perature stresses (T0=0, AT=0): 

2 
<o = (p-p') 

Eh 
(2) 
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And p' - radial effort, which one arises 
between the basis and coating under operating of 
internal pressure p and residual stresses in coating 

p '=ap
r+ar*, (3) 

Where: s pr - pressure, which one arise in 
coating only under operating of pressure;?. 

The equation (2) allows to construct em- 
pirical-formula dependencies of a trough of a shell 
from internal pressure w =/(p) under conditions:' 

a) The shell is under operating only internal 

pressures (p '= 0); 
6) The shell is under operating of internal 

pressure and pressure on the part of coating (p '* 
0). It allows to receive a function of relation of 
pressure on the part of coating on the basis p ' 
from internal pressure/» on a shell: 

P '=///>;■ (4) 

The computational scheme of coating can 
be presented as a shell, which one is under oper- 
ating of internal pressure. 

Then a radial trough of coating: 

«■"If n   n 

Thus, the modulus of elasticity of the 
maiden kind of coating is determined under the 
formula: 

.2 

En- 
Ap'(Ap) 

Aa>> 
(6) 

For research of a state of stress of coating is 
applicable equations of the Laplace [4]. Then for 
coating, which one represents a lengthy cylindri- 
cal shell: 

a at 
^ + ^3- = ^, (7) 
a„      co      hn 

where: at, am, ar tangential, meridional and 
radial stresses in coating. 

It is ground equations (7) we shall receive: 

CJt -<Jv (8) 

It is known, that for a cylindrical shell [4]: 

Thus,   stress   in  coating (is apparent, that 

<7r=p): 

o> =f\(p), 

vl=f](p)%L, 

°m=f\(P) 

(10) 

2-K 
lfp=0, the values of radial, meridional and 

tangential stresses correspond to residual stresses 
in coating: 

<Tm=fl(V 

(11) 

2-K 
But, as to stresses ar* or ar, direction which 

one normally to a surface of coating, - on an ex- 
ternal surface of coating ar = 0. And, the value ar 

is much less a, and crm, an » hn. Therefore value 
<jr can be neglected (<yr —> 0). 

The following research stage is the solution 
of a problem of a failure theory - estimation of 
strength coating by a know« stress-strained state. 
For example, for IVth of a failure theory the ex- 
pression takes place: 

'em = y<T 2+<r?-am(Tt <[crj,  (12) 

Where [a] - is determined experimentally 
at construction and research of the chart 

'■f2(en)> (13) 

£■„- relative radial deformation of coating. 
The solution of a differential equation of a 

radial trough of a shell (1) under condition of 
To * 0 and AT0 * 0 affords a capability to allow at 
designing of coatings) static and dynamic thermal 
loads. The estimation work ability of coatings im- 
plements with the help of a reserve factor on re- 
sidual and operational stresses and count of prob- 
ability of destruction. 
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GRANULAR SILICON TECHNOLOGY OF MONOSILLANE IN A 
FLUIDIZED BED REACTOR 

Borodulia V.A., Vasilevich V.P.(1), Vinogradov L.M., Rabinovitch O.S., Stepanenko V.N.(2), 
Akulitch A.V. 

A.V. Luikov Heat and mass transfer Institute, Minsk, Belarus 
(1) "Plastma" Ltd., Minsk, Belarus 

(2)State-run Cmpny "Minsk Inst-t of Radio Materials", Minsk, Belarus 

Silicon has a growing demand at the global 
market of solar cells manufacturing and 
microelectronics. Conventional raw materials 
sources (high-purity quartz sand) and silicon 
technology - carbothermic reduction of silicon 
dioxide in arc furnaces under 1800°C, subsequent 
chlorination of crude silicon, rectification of the 
nascent chlorosillanes and their further reduction 
under 1200-1300°C with hydrogen ("Siemens- 
process") are underproductive, energy-consuming 
and are not capable to satisfy market needs. 

A conceptually new manufacturing technology for 
highly pure polycrystal silicon is based on 
utilization of a secondary product apatite 
concentrate recycling into phosphoric fertilizers. 
The processing flowchart implies that sodium 
silicofluoride is generated out of silicofluoride 
acid (a by-product that results from refining 
extraction phosphoric acid to eliminate fluoride 
compounds). Further, at stage I, gaseous silicon 
tetrafluoride is extracted as a result of thermal 
decomposition of sodium silicofluoride. At stage 
II silicon tetrafluoride is being reprocessed into 
monosilane. Stage III is pyrolytic decomposition 
under 1000°C of monosilane with silicon and 
hydrogen generated. 

The conducted laboratory experiments proved 
feasibility of the suggested polycrystal silicon 
technology. However, depositing polycrystal 
silicon on a heated silicon base rod results in 
bulky sample with restricted surface leading to 
reduction in efficiency of this technique. 

Pyrolytic decomposition of monosilane in a 
fluidized bed reactor with silicon precipitated on 
minute silicon particles is deemed a possible 
solution to enhance efficiency of the process. 

Seed particles of silicon appearing as granular 
material, so-called nuclei, are injected into the 
reactor; then a gaseous mixture of monosilane 
with either hydrogen or inert gas (argon, nitrogen) 
is fed in. Monosilane decomposition takes place 

when the temperature exceeds 600°C with silicon 
generated and further precipitated on silicon 
particles fluidized with gas flow. Pending silicon 
precipitating the sizes of particles grow from 
several hundreds of microns to 0.6 mm and 
greater. Dense granular polycrystal silicon 
generated has monodisperse composition, that 
facilitates its subsequent loading into containers, 
transportation, and recycling; as well as enables 
the process automation. 

Application of the boiling bed reactor to generate 
polycrystal silicon is associated with a number of 
advantages over conventional rod-type reactors, 
among which a possibility of continuous process 
and high yield of the reactor are worth 
emphasizing. Isothermal nature of fluidized bed 
provides improved thermal productivity of the 
reactor and growth in the silicon yield; and fine 
mixing of silicon particles ensures their uniform 
surface. All these factors contribute to 
considerable reduction in the prime cost of the 
marketable product. 

is Thermal   decomposition   of   monosilane 
complex process containing various stages. 

1. Processes related to heterogeneous 
deposition of silicon on inoculating particles. 

2. Formation of fine particle aerosol hampering 
the product yield. 

3. Agglomeration of primary particles that is 
turning of several particle compounds into a 
single primary particle. 

When generating granular silicon as a result of 
chemical precipitating of silicon from monosilane 
in a fluidized bed reactor it should be borne in 
mind that formation of fine fractions - aerosol and 
agglomerating effect of silicon particles 
deteriorate the quality of the derivable product 
and its yield. All mentioned stages of monosilane 
pyrolysis are closely interrelated and have mutual 
influence on each other. 
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An experimental set up has been developed and 
built up to prove the technology of generating 
granular silicon of monosilane exploiting a 
fluidized bed reactor. The fluidized bed reactor is 
the key process apparatus to accommodate the 
process of pyrolytic decomposition of monosilane 
resulting in silicon and hydrogen, and subsequent 
precipitating of silicon on heated silicon particles. 
It appears as a vertical tube of stainless steel 
having the internal diameter of the working zone 
as large as 50 mm and consists of a housing with a 
cover, expanding in the top part, water-cooled gas 
distributing device, a cyclone separator and 
resistive electric heat unit case, placed outside. 
The complete set-up is maintained in a heat- 
insulating jacket. The gas-distributing grate comes 
as a perforated plate of stainless steel, placed into 
a water-cooled device. The temperature regulation 

is performed with the aid of four different-level 
thermocouples, fixed in the reactor cover. 
The fluidized bed of inoculating silicon particles 
is heated in a stream of inert gas (argon). 
Monosilane is fed into the reactor upon 
temperature's reaching the required level, the 
consumption of which is kept so that it allows 
maintaining its content in the blowing gas mixture 
from 10 to 40%. 

Comprehensive experimental investigation of the 
process in the fluidized bed reactor employing 
state-of-the-art chemico-physical approaches and 
theoretical modeling enable to generate its full 
picture and to select optimized operating 
conditions for a highly productive energy- 
effective technology. 
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FLUORIDE HYBRIDE TECHNOLOGY OF POLYCRYSTALLINE SOLAR 
SILICON PRODUCTION FROM THE RECYCLE PRODUCT OF APATITE 

RECYCLING 

Khitko V.l., Stepanenko N.V.(,), Vasilevich V.P.(I) 

The Minsk Research Institute of Radiomaterials 
(I)The Belarusian State University of Informatics and Radioelectronics 

The work on the production of semiconductor 
silicon using as a raw material the recycle product 
of apatite concentrate recycling into phosphorus 
fertilizers is carried out in the Republic of 
Belarus. Hydrofluorosilisic acid H2[SiF6] is taken 
as a recycle product. It is produced in the process 
of making phosphoric fertilizers when purifying 
extraction phosphoric acid of fluorine compounds. 
Hydrofluorosilisic acid is then transformed into 
sodium silicofluoride by interacting with sodium 
carbonate: 

H2SiF6 + Na2C03 -+ Na2SiF6 + H20 + C02 

The Homel chemical plant delivers 
hydrofluorosilisic acid H2[SiF6] to the Polotsk 
plant "Izmeritel" on the grounds of which stage by 
stage recycling of hydrofluorosilisic acid into 
monosilanes and silicon is done on special 
laboratory installations. 

Silicon  production  technology  envisages  three 
stages. 

Stage I - Thermal decomposition of sodium 
silicofluoride with the discharge of gaseous 
sodium tetrafluoride and the production of a solid 
compound of sodium fluoride and the remains of 
the undecomposed sodium silicofluoride. 

t~780°C 

Na2SiF6 > SiF4t + 2NaF 

Sodium tetrafluoride is put into containers. 

Stage II - Chemical transformation of the sodium 
tetrafluoride into monosilane. The transformation 
is done by the equation 

SiF4 + 2CaH2 -> SiH41 + 2CaF2| 

Lithium and potassium chloride (LiCl:KCl = 
1:1,18) are mixed, poured into monosilane 
synthesis reactor, melted at 360 - 390°C. 3 - 5% 
calcium hydrate is solved in the smelt. 

Sodium tetrafluoride gets into the reactor and 
barbotates through the smelt. The produced 
monosilane is purified and goes into a collector. 

Stage III - Thermal decomposition of monosilane 
by the equation: 

t~850°C 

—> Si + 2H2t SiH4 

The stage is carried out in the reactor on the 
heated silicon base where silicon is deposited and 
the uncombined hydrogen goes to the annealing 
unit. 

It is supposed that Stage III may be carried out 
more effectively if the decomposition of silane is 
done in the reactor with the boiling layer of the 
heated silicon particles. 

As a result of stages I - III technological process 
samples of polycrystalline semiconductor silicon 
have been obtained. Silicon quality analysis was 
done in the laboratory of mass spectrometry and 
chromatography of the State Institute of Rare 
Metals, Russian Federation, Moscow and by the 
specialists of the Minsk Scientific Research 
Institute of Radiomaterials. 

Using a spark mass spectrometry method 
complete impurity composition of a silicon 
sample has been defined. [Table I] 

The average specific resistance of a silicon sample 
with n-type electrical conductances is 160 ohm / 
cm, and those of p-type - 1270 ohm / cm. 

The conducted laboratory experiments have above 
all proved the efficiency of the suggested by the 
authors technology of obtaining polycrystalline 
silicon from the recycle product (practically from 
the waste material) for the production of fertilizers 
from the Kolsky apatite concentrate. 
The quality estimation results of the obtained 
silicon sample have shown the actuality of the 
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problem. Profound scientific research of the basic 
and auxiliary processes has been found to be 
expedient for working out the optimal suggestions 
for the design and production of the industrial 
equipment. 

Table I 
Silicon Sample Chemical Composition 

Element ppm Element ppm 
mass mass , 

H ND Rh <0,01 
Li <0,003 Pd <o,i 
Be <0,002 Ag <0,05 

B <0,003 Cd <0,2 

C 4 In <0,05 

N ND Sn <0,1 

O 500 Sb <o,i 
F 0,02 Te <0,2 

Na 0,09 I <0,03 

Mg 0,06 Cs <o,i 
Al 0,08 Ba <o,i 
Si base La <0,2 

P 0,5 Ce <0,02 

S 0,2 Pr <0,02 

Cl 0,4 Nd <0,05 

K 0,2 Sm <0,06 

Ca 0,7 Eu <0,07 

Sc <0,05 Gd <0,09 

Ti <0,05 Tb <0,03 

V <0,01 Dy <0,08 

Cr <0,02 Ho <0,02 

Mn <0,03 Er <0,08 

Fe <0,01 Tm <0,02 

Co <0,02 Yb <0,09 

Ni <0,02 Lu <0,02 

Cu <0,02 Hf <0,03 

Zn <0,02 *Ta <0,02 

Ga <0,01 W <0,03 

Ge <0,01 Re <0,02 

As <0,02 Os <0,02 

Se <0,05 Ir <0,03 

Br <0,03 Pt <0,1 
Rb <0,01 Au <0,05 

Sr <0,1 Hg <0,2 

Y <0,1 Tl <0,03 

Zr <0,2 Pb <0,2 

Nb <0,05 Bi <0,03 

Mo <o,i Th <0,03 

PvU <0,06 U <0,03 

* Ta is a structural material of the iron source 
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EFFECT OF DOPING ON THE RESISTIVITY AND MICROSTRUCTURE 
OF CARBON FILMS 

Onoprienko A.. Artamonov V.(1), Yanchuk L(1) 

Institute for Problems of Materials Science, Ukraine National Academy of Sciences, Kiev 
Institute of Semiconductor Physics, Ukraine National Academy of Sciences, Kiev 

Doped diamond and diamond-like carbon (DLC) 
films are now considered as promising materials 
for application in microelectronics. Doping with 
electrically active elements results in a shift of 
Fermi level, optical and electrical properties of 
films [1-3]. In present work the effect of substrate 
temperature on the resistivity of boron-doped C- 
films is studied and compared with that of non- 
doped C-films. Structural aspects of this effect are 
discussed. 

The carbon films were deposited by a planar dc 
magnetron unit. Both non-doped and boron-doped 
films were prepared for study. In the first case as a 
target was the disk (60 mm in diameter and 3 mm 
thick) made from pure graphite (99,97 % purity). 
In the second case the target of the same 
dimensions was composed from graphite and a 
compound B4C. The amount of B4C in the 
composed target was adjusted so that the 
concentration of boron in deposited films was 
close to 2 at. % as determined by the electron- 
probe microanalysis (EPMA) method with 
Camebax SX-50 instrument. A sputtering gas, 
argon of 99,97 % purity at constant pressure 1 Pa, 
was used in all experiments. As substrates, the 
polished platelets of Si-Ti-Al-0 ceramics were 
used. 

The resistance of films was measured in two 
directions: parallel and perpendicular to the 
substrate surface. For this purpose the specially 
configured nickel film contacts were magnetron 
sputtered onto substrates before carbon film 
deposition, and on the top of as-deposited carbon 
films. Such configuration of nickel electrodes 
made it possible to measure the resistances R± and 
Rji of carbon films. Carbon film resistivities p± 

and pj| were calculated from the measurements of 
Rx and R||, the geometry and thickness of carbon 
film between metal contacts. The resistivity 
anisotropy coefficient was determined as 
K=(Pi/p||). 

Film thickness was measured with an optical 
interferometer, and it was 400-600 nm. Film 
structure was examined by high-energy electron 

diffraction in reflection mode (RHEED) and 
Raman spectroscopy. 

As was revealed, p± has a tendency to decrease 
with an increase in Ts for films of both types, but 
to a small degree. Quite different behavior was 
observed for pu which decreased appreciably with 
an increase in Ts in the temperature range 20-400 
°C, and with further increase in temperature 
remained almost constant for the films of both 
types. However, the transition to the sharp 
decrease in py occured at higher temperature for 
boron-doped C-films. 

The dependence of resistivity anisotropy 
coefficient K on Ts for non-doped and boron- 
doped C-films is shown in Fig. 1. An increase in 
Ts to ~400 °C resulted in abrupt increase in 
resistivity anisotropy for the films of both types. 
Further increase in Ts did not change the value of 
K. Note, that in contrast to dependence of K on Ts 

for non-doped C-films, for boron-doped C-films 
an increase in the degree of resistivity anisotropy 
was more slow in the temperature range 20-200 
°C, and then the value of K also increased sharply 
with increase in Ts to -400 °C. At the same time 
the electron diffraction study revealed that the 
films of both types are amorphous in the 
temperature range 20-400 °C, i. e., the electron 
diffraction patterns from films have the view of 
several halos peculiar to amorphous structure. 
Only at Ts>400 °C the halos transformed in 
broadened lines characteristic of fine-grained 
defected polycrystalline structure of graphite. 

The phenomenon of resistivity anisotropy in 
amorphous carbon films was discovered for the 
first time by he authors of [4] and studied in more 
details in [5]. The results of study in [5] made it 
possible to propose the mechanism of 
microstructure formation of non-doped a-C films, 
which governs the observed changes in a-C film 
resistivity. According to that mechanism, the 
evolution of structure of non-doped a-C film in 
the temperature range 20-400°C proceeds via 
nucleation of graphite-like G-phase in amorphous 
D-phase. An increase in Ts above 400 °C results in 
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direct formation of graphite-like clusters onto the 
substrate instead of nucleation of G-phase nuclei 
in amorphous D-phase. With increase in Ts these 
clusters become of more ordered internal structure 
and exhibit mutual ordering . 

As was mentioned above, the behavior of 
resistivity in non-doped and boron-doped a-C 
films is quite close. The observed difference for pn 
and K in boron-doped films allows to suppose that 
boron atoms hinder the nucleation of graphite G- 
phase in amorphous D-phase in the temperature 
range 20-200 °C, and then their influence on the 
velocity of nucleation of G-phase becomes 
insignificant. To this indicate also the 
dependencies of integral intensity ratio of D and G 
peaks on Ts in Raman spectra from non-doped and 
boron-doped a-C films. 

According the ideas formulated in [6, 7] the 
appearance of D-peak in Raman spectra for 
amorphous phase indicates the ordering of the 
structure in aromatic rings and graphite-like 
clusters, and its intensity is proportional to the 
cluster size or, in other words, to the degree of 
structure ordering. At the same time, the presence 
in C-film structure the rings with symmetry other 
than hexagonal decreases the height of D-peak. 
Based on these results one can suppose that the 
atoms of boron incorporate into aromatic rings, 
which nucleate in disordered D-phase. Since the 
size of boron atoms differs from that of carbon, 
then such rings are distorted. At low substrate 
temperature (20-200 °C) the portion of distorted 
aromatic rings is rather large and therefore the 
disordered phase prevail in the structure of 
growing film. With increase in Ts above 200 °C 
the rate of formation for aromatic rings increases 
and they become more ordered in graphite-like 
clusters, oriented parallel to the substrate [5]. 
Since the concentration of boron in a-C film is 
constant and quite low (2 at. %), then more non- 
distorted aromatic rings form which do not 
contain boron atoms and join into graphite-like 
clusters. As a consequence of formation of such a 
graphite-like structure the resistivity pn decreases. 
At Ts>400-450 °C, according to [5], the 
mechanism of C-film changes and the C-film 
grows by direct formation of fine-grained graphite 
phase. In this temperature range the boron atoms 
being electrically active impurity seem to serve as 
the sites for nucleation of G-phase. Since the 

resource of boron atoms is limited by their low 
concentration in C-film, then their influence 
quickly comes to naught with increase in Ts 

because of high rate of formation of clusters with 
graphite structure. 

As to the character of changing p±, it was shown 
in [5] that the transformation of structure in non- 
doped a-C films with change in Ts occurs mainly 
in direction parallel to the substrate surface. The 
change of the structure in boron-doped a-C films 
seems to be of the same nature and for this reason 
pi depends little on the condensation temperature 
and follows the dependence peculiar to non-doped 
a-C films. 

o. 

Q. 

100   200   300   400   500   600   700 

TS°C 

Fig. 1. Dependence of resistivity anisotropy 
coefficient K=(px/pll) on substrate temperature Ts 

for non-doped (1) and boron-doped (2) C-films. 
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OUTLOOKS OF MANUFACTURING OF COMPOSITE MATERIALS 
USING ULTRASONIC TECHNOLOGIES 

|Kozlov A.VL, Mordvuk B.N.. Prokopenko G.I. 
Kurdyumov Institute for Metal Physics, Kiev, Ukraine 

The conventional approach to control of properties 
of materials is based on using of alloying by some 
impurities. However in a number of cases this 
approach comes across principled limitations 
conditioned by absence in the nature of impurities 
indispensable for obtaining of materials with given 
properties. Therefore large attention of the 
explorers is attracted with composite materials 
hardened by dispersed particles, discrete or 
continuous fibers of phase that higher melting, 
strong and rigid than matrix. 

The different combinations of hardening phases 
and matrixes, methods of obtaining from them of 
composites allow to receive a broad spectrum of 
materials with a complex of desirable properties. 
The application of power ultrasonic vibrations in a 
number of composite materials manufacturing 
technologies can essentially improve their 
physical-mechanical and functional properties. 
In the present work three directions of application 
of power ultrasound for production of composites 
are reviewed. The physical backgrounds of joint 
deformation in a ultrasonic field (drawing, 
flattering, pressing), application of ultrasound 
together with powder metallurgy techniques at 
miscellaneous stages of composites production and 
at last crystallization of composites with dispersed 
solid particles in a ultrasonic field is discussed. 
Superposing of ultrasonic vibration during joint 
deformation    of   bars    for   composites    allows 

I(c)*10~,cnH.en. ß 

Cu 

100     150 
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Fig.l. Arengement of copper in aluminium (a 
and aluminium in copper (6) after ultrasonic 
treatment of pair Cu-Al [2]. 

improving the quality of a received material. 
Firstly, due to the acousto-plastic effect the yield 
strength of matrix is degreased, and consequently 
the hollow's filling is improved, that in turn results 
in a decrease of a porosity of a final aggregate. 
Secondly, at ultrasonic processing the processes of 
diffusion and mass-transfer (see fig. 1,2) are 
intensified [2,3] that allow receiving composites 
with high strength of interphase border (matrix - 
reinforcing phase). It should be noticed that 
regimes of ultrasonic processing must be strictly 
definite to avoid the intensive interaction of 
composite consistents between one another, 
invoking a degradation of structure and properties, 
both reinforcing phase and matrix [4], 
The application of ultrasonic vibrations during 
composites manufacturing by powder metallurgy 
techniques is also effective at different stages of 
process. The optimum regimes of ultrasonic 
mixing and stirring of powders and also 
mechanical alloying of different systems using 
ultrasonic mill designed in Institute for Metal 
Physics (IMP) are studied [5]. In ultrasonic 
grinding mill three mechanisms of effects on 
powders are realizing: 

- effect of ultrasonic vibrations; 
- mechanism of shock ultrasonic treatment (with 

free working elements); 
- effect of an ultrasonic cavitation and acoustic 

flows. 

1000, 
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200 
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Fig.2. Distribution of radioactive Ni in Al after 
pressing in ultrasonic field [3]. 

Optimum   regime 
powders   depends 

of   ultrasonic   treatment   of 
on   power   and   duration   of 
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processing, different liquids (ethyl spirit, glycerin, 
acetone or water), spacing coefficient of the 
chamber for processing by balls, energy tensity and 
temperature in the chamber, influencing of 
hydrostatic pressure increasing. 

The possibility of modifying of powder materials 
surface for improvement of their wettings by 
metals melts or for improvement sintering in 
ultrasonic field is investigated. 

The peculiarities of mechanical alloying or, in 
other words, intensification of solid phase 
reactions is shown on a number of systems (Fe-Cu 
after joint deformation in ultrasonic field, Cu-Ni 
after cavitation treatment, Cu-Ni-Fe after ultrasonis 
ball milling). 

Compacting of powder materials with 
superposition of ultrasonic vibrations using special 
equipment designed in IMP [6] allows to 
considerably increase the density of obtained 
samples, and in case of powder mixtures (matrix - 
reinforcing phase) - to increase the strength of 
interphase border in composite. The features of 
selection of regimes of ultrasonic processing are 
subject to the rules set up above for a case of joint 
deformation. The physical reasons of increase of 
functional properties of the obtained composites 
remain valid also (fig.3.). 
The third direction, in which the investigations of 
influencing of ultrasound on process of composite 
materials production are conducting, is 
crystallization in an ulfrasonic field of melt with 
disperse solid particles of a reinforcing phase. 

In this case ultrasonic action can be characterized 
by following consequent processes in indurating 
melt, having different structural components [7]: 

1) Equalization of a solidified front; 
2) Dispersion and metalization of solid phase 

particles  due to  ultrasonic  cavitation  and 

N,imp/min 
300r 

250 

Fig.3. Distribution of radioactive Ni in Al after 
ultrasonic cavitation treatment [3]. 

distn-bution    in    volume    of   centers    of 
crystalline phase; 

3) Initialization of acoustic flows in a melt that 
lead to intensive stirring and; 

4) Removal of capillary limitations at a stage of 
growth of crystallization centers and 
improvement of wettability by stayed liquid. 

The situation becomes more complicated in case of 
a directional crystallization. There are some 
problems become essential. Namely pushing/ 
engulfment of solid phase particles by a solidified 
front, rate of solidification, gradient of 
temperatures and width of a boundary layer. The 
connective processes in a melt leave on the 
foreground. 
From the point of view of heat effects on the one 
hand convection in liquid renders stabilize 
influencing on a solidified front. With other hand - 
amplification of conventional flows leads to 
decreasing of boundary layer width and increasing 
of concentration deviation of ingot from initial 
concentration of a melt. Generally for acquisition 
smaller on the size of disperse solid particles is 
indispensable more high speed of crystallization. 

The introducing in a melt of ultrasonic vibrations 
of sufficient power essentially changes a situation. 
The conventional flows undergo operating acoustic 
flows. Under operating of ultrasonic cavitation the 
wettability of solid particles is increased, besides 
solid particles pushing to solidification front by 
acoustic pressure. The complex of physical 
phenomena arising in melt under ultrasonic action 
allows uniformly arranging the reinforcing phase 
in composite ingot volume. 

The support of the projects # NN32 and # 2354 is 
gratefully acknowledged. 
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EFFECTIVE METHODS OF SYNTHESES OF PRODUCTS FROM 
COMPOSITE MATERIALS WITH USE OF FOUNDRY TECHNOLOGIES 

Zatulovskv A.S.. Lakeev V.A. 
Physico-technological Institute of Metals and Alloys of the NAS of Ukraine, Kiev, Ukraine 

The modern methods of syntheses of products 
with use of granules, powders, particles allows to get 
the broad gamma of new materials, which have 
unique characteristics or their combination: from 
macro heterogeneous cast composite materials 
(CCM) to powdered materials. The choice of 
optimum method of reception of products from 
composite material (CM) is defined by complex 
technical, economic, conjuncture and others factors. 
The traditional method of technology of solid-phase 
consolidation of products from CM on metallic base 
is the powdered metallurgy, which use for 
production of functional CM as an iron-graphite, and 
others types. Liquid-phase methods, which founded 
on melted matrixes (copper alloys) using in 
technological process, which consolidate the hard 
reinforcing elements (for instance, steel granules), 
have number of important advantages: 

-more short and more inexpensive production 
cycle; 

-smaller force influence on the brittle 
reinforcing elements (carbon, glass-ceramic and 
others fibres); 

-expansion of nomenclature of initial row 
materials: possibility of secondary colour alloys 
using, metal scrap, shavings; 

-more simple apparatus registration, 
possibility of existing melting, termal and others 
equipment using. 

However in connection with high reactionary 
ability of the high temperature matrix melt the more 
strict record of physico-chemical characteristics of 
CM components, their changing and interactions at 
process of solid-fluid technology needs. How the 
studies have shown, process of CCM forming may 
be divided into the following stages: 1) matrix melts 
moistening and spreading on reinforcing elements 
surface; 2) termal , diffusion or chemical interaction 
between phases; 3) crystallisation of the fluid phase 
(the matrix melt); 4) dissolved-diffusion interaction 
between components (phases) in process of cooling, 
heat treatment, other finish processing. The 
technology optimisation depends on time of contact 
of solid and fluid phases: interaction of phases must 
not have negative influence upon characteristics of 
CM. 

For event of the solid-fluid holding the time 
of phases contact must be a smaller then period of 
an retardation of diffusion processes that provides 
the reception of CCM by method of solid-fluid 

consolidation without connecting layers on 
separating border of phases: 

ten < tct< tr< tgd< tin, where 
tc„- the necessary time of arising of strong 
connections between CCM elements, tct- the 
optimum time of the fluid and solid phases contact, 
tr- the incubation time of heterodiffus ion or 
retardation of diffusion, tgd- the duration of 
geterodiffusion, which necessary to forming of the 
layer of brittle phases, tin - the duration of formation 
of a intermetallids layer on borders of phases. 

Optimum time of contact (t^), as the main 
parameter of solid-fluidphases technology of CM 
production, is a polyfactor function which 
dependent     on     reinforcement parameters, 
construction and measured-geometric factors. tc,-is 
yielded to exact calculation and is defined 
experimentally for concrete CCM and half-finished 
products. The diagram is built in the temperature- 
time coordinates, which allow to forecast the 
optimum parameters of definite CCM structure from 
the system of bronze - steel shot. 

Requirements to row materials, which take 
into account the specific requirements of solid-fluid 
consolidation of the composite half-finished 
products with use the foundry technologies are 
formulated. 

The composite production perspective 
technology are considered and recommended as 
gravity casting (soaks) and special types of casting 
with use the external influences. Each method has 
their own specific particularities, are optimum for 
production of products with concrete types of sizes, 
CCM composition and others features. They are 
tested and mastered technologies of composition 
casting, which allow to cast from CCM the bushes 
with diameter: 30-500 mm, height before 200 mm, 
thickness of wall 5-40 mm. In mode of dry friction 
at slide velocities 1-10 m/c; they are allowed the 
loads 5-15 MPa, in the field of the temperature 
before 600-850 °C. 

The experience of industrial operation of 
tribo-detail from CCM has shown that using of the 
new high wear-resistant tribo-material and the 
composition casting technologies gives the 
significant technical-economic effect in such priority 
areas of technology, as energy, metallurgy, car-, 
tractor-machine building, agricultural engineering, 
processing and food industry, special engineering 
and others. 
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EVOLUTION OF STRUCTURE OF COPPER AFTER TORSION 
EXTRUSION 

Varyukhin V.N., Pashinskava E.G, Domareva A.S., Tkachenko V.M., Pashinskaya O.V. 
Donetsk Physical-Technical Institute, NASU, Donetsk, Ukraine 

Processes of ultrafine-dyspersated formation in 
copper, which was produced by new method of 
intensive plastic deformation by torsion 
hydroextrusion (TH), was investigated with help of 
methods of optical microscopy, diffractometer 
analysis and measuring of microhardness. It was 
demonstrated, that process of structure formation in 
process of deformation is developed not linearly, 
but in a few stages. It was fixed, that in every phase 
of deformation structure is formed, which in general 
case is a superposition of microcrystalline grains 
and nanoregion. Nanoregions are anisotropic and 
have a size of 80-200 nanometres. Degree of 
stability of structures in process of deformation, 
which are originated after initiation of rotation mode 
in it, was evaluated with help of computer 
experiment by method of molecular dynamics. 

Last time more attention is called to receiving and 
investigating of materials with particular 
submicrocrystalline structure, or nanostructure. In 
Donetsk Phisical-Technical Institute method of TH 
for producing of nanocristalic structure is proposed. 
Method permits to achieve large plastic deformation 
on the massive test specimens (deformation during 
the production cycle reach e=2). 

For investigation of transformation of structures in 
copper in deformation processes, test specimens 
were researched in initial condition (e=0), after the 
first (e=2.7) and following deformation cycles 
(e=4,7; 6,7; 8,7; 12,7). The changes was controlled 
by methods of durometry, optical metallography, X- 
ray structural analysis, optical microscopy. It was 
realized a computer experiment for probably 
description (by method of molecular dynamics) of 
initiation of rotation modes after large shear 
deformation. 

All groups of the specimens are characterized by the 
equal structure of section, which isn't differs in the 
centre and on the rim. After deformation e=2.7 the 
grains are disintelattice and vortical structure is 
formed, which makes 100% of specimens' area. 
After deformation, which cumulatives, is increased 
to e=12.7, in the centre single large equiaxial grains 
appear (140-180 mkm). It was shown by methods of 
X-ray and electron microscopy, that with help of 
this type of deformation it is possible to make a 
fragmentation    nanostructure    alike    quasy-two- 

dimensional klasters with interplanar intervals, 
which were change. 

It is impotent to pay attention, that nanoregion 
are anisotropic in volume of crystallites, and 
when e=4,7, the destruction of the received 
structure takes place. We can see it from changes 
of the axes of a crystalline lattice and 
microdistortions, extension of sizes of the 
nanoregions, etc. 

The investigation has shown that after the 
annealing ( 500°C for a one hour) specimens had 
grains the size of 2000 nanometres - 100 mkm ( 
the Table 1). 
The boundaries of the grains are straights, it was 
marked the twins of growth. The deformed 
specimens with degree of deformation e=2.7 
were characterized by maximum refinement of 
grains (figure 1). On the specimens with 
deformation degree e=4.7 the beginning of 
recrystalization with growth of the grains was 
marked. .There are the regions, which contain the 
very little fragments and the tracks of the sliding 
in the grains and the slipping between ones. 
When degree of deformation is e=6.7, the 
processes of recrystalization and the formation of 
the submicrocrystalline regions are go on, that is 
why boundaries of the grains become rough, they 
are consist of the kinks. 

With this degree of deformation the porouness of 
specimens is developed. Size of the pores is from 
20 nm to 150 nm. Next deformation to degree 
e=8.7 is accompanied by further recrystalisation.. 
In contrast to the specimens after the annealing, 
specimens, which were deformated with that 
degree of intensive plastic deformation, have 
indirect wide boundaries, twins of growth are 
absent, and there are stripes of the sliding in the 
grains and the slipping between ones. 

The peculiarities of nanofragments, which were 
described, permit to surmise, that one of the 
variants of mechanisms of the forming of that 
regions probably may be the continuous 
nucleation of rotation mode in the plane of 
deformation. 

It was shown, that at fixed parameters of model 
and speeds of deformation primarily an ideal 
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structure is transformed, and a new region of ideal 
crystal is formed, in which the axes of symmetry arc 
turned relatively the initial plane at some angle. 

The regions are parted by the boundary of thinning. 
This boundary is continuously change its position in 
space (figure 2). If we change direction of 
deformation to the opposite in this situation, old 
region in the centre of the crystall will part from the 
other part of crystall as a localized region. 

■TVTwraa 

Figure l.The surface of defomiatcd copper with 
help of high-resolution carbonic replicas e=2.7 (a- 
x6600H b-x27200) 

The diminution of free space between the envelope 
and the initial crystallite is a cause of suspension of 
the forming of rotation mode. 

»Y*v««VAV 
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Figure 2. The calculated significances of position 
of the atoms in the lattice of copper at intensive 
deformation: a - initial condition, b - resilient 
deformation, c - the rotation nanoregion, d - 
nanoregion at next stages of deformation. 
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SYNTHESIS OF SILICON CARBIDE POROUS MATERIALS BASED ON 
ULTRA-DISPERSED REACTIVE SYSTEM 

Antsiferov V.N., Gilyov V.G., Sung J.S.(1), Kim T.W.(1) 

Research Center of Powder Materials Science, Perm, Russia 
(1)Korea Institute of Energy Research, 71-2 Jang-dong, Yoosong, Daejeon, Korea 

Silicon carbide could be used for sorption and 
membrane separation due to the inertness to 
chemicals, high temperature stability and abrasion 
durability. Carbon promotes the sorption of 
organic impurities of fluid like a filter [1'2]. 

The microporous silicon carbide is expected to 
have high temperature stability because of high 
melting point of SiC, TmeIt=2,540°C and high 
sintering temperature, 0,8 Tme,t 

[3], while sintering 
temperature of the ultra-dispersed powders of TiN 
and A1N is about 0.45 Tmeit [4). The reactive SiC 
synthesis is promising to obtain microporous 
materials [5'6]. 

The synthesis of porous SiC in reactive system, 
Cs = SiC is studied. The influences of Sis +     _ 

specific surface of reactive mixture, pressing and 
thermal    conditions    are    studied    with    the 
characteristics   of   permeability,   durability   of 
samples. 

The mixtures with surface of 40-120 m2/g were 
obtained through the grinding with ball mill. As 
shown at the Fig. 1 the sharp maximum specific 
surface area is shown at a certain grinding time. 
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Fig 1. Dependence of the specific surface area of 
reactive mixture on grinding time with ball 

mill 

As shown at Table. 1 we obtained the samples with 
porosity of 45-60%, pore size up to 0.3 urn 
measured by the bubbling method and specific 
surface area of 40 m2/g. 

As the specific surface area of sintering mixture 
was increased up to 40 m2/g, the sintering time 
and temperature and the isotherm reaction time 
were increased comparing to the initial mixtures 
ofhighSSp. 

For high mechanical strength and absence of 
shrinkage during synthesis the harder melted 
frame and graphite-added mixtures were needed 
and then the quick SiC reaction is realized in high- 
dispersed mixtures. 

Table 1. Specific surface area, porosity and pore 
size synthesized in argon with reaction 
mixtures 

SSp, 

mix. 
m2/g 

Pressing 
pressure, 

MP 

Sintering 
T,°C, 
time, h 

Poro- 
sity, 
% 

■L'por; 

um 
^sp> 

m2/g 

85 50 1600-1 61 0,5 5,9 
85 100 1600-1 58 0,47 6,5 
85 150 1600-1 54 0,41 11,0 
32 50 1300-2 57 0,5 24,2 
85 50 1600-0,5 57 0,36 8,2 
32 50 1600-0,5 56 1,0 2,3 
85 - 1600-2 58 0,56 3,6 
61 50 1150-0,33 47 - 28,7 
115 50 1150-0,33 54 - 37,9 
115 50 1650-0,17 59 - 2,6 
46 50 1650-0,17 50 - 3,7 

As shown at X-Ray analysis (Fig.2) the high- 
dispersed mixture (Ssp = 115 m2/g) provides 
complete synthesis of SiC during 0.33 hours at 
1150°C in argon. With not so high-dispersed 
mixture (Ssp = 61 m2/g) there are essential quantities 
of not-reacted silicon. 
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Fig 2. X-Ray diffraction (A,, KaCo) of SiC samples 
synthesized in argon at different modes: 1 - 
1650°C, 0.17 h, 115 m2/g (Ssp, mix); 2-1150°C, 
0.33 h, 61 m2/g; 3 - 1150°C, 0.33 h, 115 m2/g 

Table 2 shows the nitrogen isotherm of samples. As 
the micro pore (radius) size is about 2,8-3,7 nm, this 
may be used as a filtering of water from the organic 
molecules such as methylene blue and phenol. 

comparable to hydrogen selective nano porous 
membranes. 

Therefore, there is possibility of low-temperature 
synthesis of porous silicon carbide with high specific 
surface (up to 40 m2/g) with micropores. 
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Table.2. SiC pore structure (N2 adsorption isotherm) 

Ss„of mix, 
m5/g 

85 85 32 115 46 

Sintering 
T,°C 

1600 1600 1600 1150 1350 

Sintering 
x,h 

1 2 0,5 0,33 0,5 

Sintering 
medium 

Ar Ar Ar Ar co2 

Porosity, % 61 - 57 54 47 
SBET , rriVg 6,1 8,6 18,5 37,9 20,7 
SMi, m7g 3,8 6,8 16,2 30,0 17,3 
VMi, cm7g 0,003 0,004 0,007 0,015 0,009 
VMe, cm7g 0,008 0,012 0,019 0,045 0,029 
Ws, cm7r 0,011 0,016 0,026 0,060 0,038 

rp, nm 3,6 3,7 2,8 3,2 3,7 

With the porosity 50% (at Ssp = 30 m7g; Ssp
v = 50 

m2/cm3) the effective pore radius estimated to be 20 
nm  by  the  equation   of rp =   2P/Sy;„,   which   is 
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TWO-STAGES SCHEME OF CARBONLESS IRON POWDER 
PRODUCTION 

Khovavko O.I., Svyatenko O.M., Semenyuk N.I., Bondarenko B.I. 
The Gas Institute of National Academy of Sciences of Ukraine 

Last tenth years a demand on iron powders with 
unusual properties as in traditional productions has 
been increased in particular on carbonless one, 
which is base of soft-magnetic materials [ 1 ]. 

Extant methods of direct iron production do not 
allow an obtaining of carbonless powder because of 
carbon-containing components presence in the used 
reducing gases, which inevitably get to finished 
product. For the purpose of carbonless powders 
production the authors have developed two-stages 
reducing process under atmosphere of hydrogen, 
cleaned from carbon impurities. 

It is shown that electrolytic hydrogen gives the best 
results. An use of technical hydrogen does not allow 
to obtain carbonless iron powder. So the presence 
even tenth part of % of carbon-containing 
components in the form of C02 imports carbon to 
powder not less than 0,05% (because of C02 

secondary conversion to CO by hydrogen). 

The gas-tight conveyor electrical furnace was 
selected as a base of reducing reactor. It has shown 
excellent results in processes of hydrogen reducing 
and annealing of iron powders [2]. 

During reducing in one device it can portioned 2 
different stages on kinetics, namely [3]: 
- basic reducing process, which passes with high 
speed and big consumption of reagents to reducing 
rate of 90-96%; 
- process of final reducing (finishing), which runs 
extraordinarily slowly and with small reagents 
intake. 

As process comes into braking part (final reducing) 
effectiveness of intensive process falls. It's occurred 
due to lowering of gas-using coefficient along of 
that a cost increases. Besides, when full oxides 
reducing is hold in one stage, non-uniformity 
reducing on height of layer is observed because top- 
crust on the surface of charge is created. The crust 
prevents material from hydrogen penetration into, 
and also from rejection of connected oxygen outside. 
This fact limits the height of initial super- 
concentrate charging on a belt of conveyor electric 
furnace. 

It is necessary to decrease a strength against 
hydrogen supply into the middle of reducing 
material. An intermediate grinding of cake allows 
liquidating sintered "crust", fulfilling a magnetic 
separation, averaging powder heterogeneity on 
reducing degree. A bulk density while single-stage 
process does not exceed 1,4-1,6 g/cm . But 
according to the acting GOSTs a bulk density of iron 
powder should be within 2,3-3,0g/cm3. An 
interruption of reducing process enables to make 
pre-compacting of pre-reduced iron powder to 
increase a bulk density. The interruption allows 
decreasing the height of charging layer, and thus 
multiplies productivity on ready product. One of 
such method, which has been approved, is rolling of 
powder and next grinding of obtained sheets. 

The offered at the Gas Institute of NASU conception 
of reduced iron powders production on two-stage 
scheme consists following. 

At first stage spongy iron with reducing degree of 
90-96% is obtained by dint of processing of 
carbonless iron super-concentrate in atmosphere of 
electrolytic hydrogen (reduction furnace). 
Temperature of the process is 800-900CC. Second 
stage is deep iron reducing in atmosphere of dried 
hydrogen under 800-900 GC (annealing furnace). 
Such process of obtaining reduced iron powder does 
not request operation of carbon elimination, and also 
enables to get final product with good technological 
properties. 

Although the use of electrolytic hydrogen enables to 
get splendid carbonless powder but given 
technology is rather energy intensive. It explains by 
expends on production of electrolytic hydrogen (app. 
5kW per 1 m3 of H2). Therefore authors carried out 
an attempt to improve the two-stages scheme of 
reduced iron powder production in gas atmosphere 
with injection into system the re-circulation 
hydrogen contour. 

The offered scheme of a gas-supplying system 
provides with feeding into annealing furnace only 
electrolytic hydrogen, but into reducing furnace a 
dust-free, chilled, worked-out hydrogen after 
annealing furnace and re-circulation gases are 
supplied. 
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12        13 
H2 

Fe 

Fig. 1. Two-stages scheme of carbonless iron powder production. 1-reducing furnace; 2,13-fridges; 3,14-scrubbers; 
4,9,10,15-drop catchers; 5,16-blowers; 6-reactor of catalytic conversion; 7-heat changer; 8-crio-fridge; 9-adsorber; 
12-annealing furnace. 

Such scheme is created taking into account that 
oxygen is removed from charge reducing furnace in 
quantity 88-95% and 5-12% from charge annealing 
furnace. If we use martite super-concentrates, 
quantity of removed oxygen is 26,5-28% in reducing 
furnace and only 3-4% in annealing furnace. 

Herewith it's necessary to note that hard reduced 
low-porosity particles and off-the-shelf in a charge 
the double and triple oxides such as hertsenite, 
phayalite and etc. can be additionally reduced in 
annealing furnace. A pure hydrogen feeding for one 
passageway into annealing furnace allows using its 
high reducing ability. 

But considerable part of hydrogen oxidizes to H20 
in reducing furnace. We need to support sufficient 
reducing potential of worked-out gas and removed it 
from the furnace as quick as possible and dehydrate 
it. The computations show that optimum rate of 
fresh (from annealing furnace) and re-circulating 
flows is 1:3; 1:4. 

Among the used reducing gases as endogas, 
technical hydrogen, cracked ammonia, electrolytic 
hydrogen we have fixed on the last one for feeding 
into annealing furnace. This has been done taking 
into account that carbon-containing components, 
which are in the first two reductants, get inevitably 
into a final product during raw powder annealing. It 
is inexpedient to re-circulate cracked ammonia, 
which contains 25% of nitrogen, because during gas 
re-circulation a residual nitrogen will be 
accumulated in system. Therefore a quantity of 
nitrogen will reach -52% after second circulation 
and 70 % after third one accordingly hydrogen 
content will be app. 25 and 15 % (when Fe203 

loading is 75 kg/h, quantity of circulated gas Q=100 

m /h). So after several circulations gas-reducing 
potential becomes lowers and process economy 
drastically falls down. An application of a clean 
dried electrolytic hydrogen allows obtaining of a 
clean on carbon iron powder. Low moisture content 
in reducing gas enables to get final iron powder with 
high degree reduction. 

Only gases, outgoing from reducing furnace are well 
handled to regenerate and re-circulate. Such gas- 
supplying system decreases the requirements on 
cleanness of gases-reductants concerning admixtures 
rate at reducing stage, and guarantees high quality of 
iron powder after annealing, if a fresh clean 
electrolytic hydrogen is only used. This allows 
simplifying and making cheaper the gases 
regeneration and re-circulation system for reducing 
furnace. 

Process partition on 2 stage with application of re- 
circulation contour on reducing gas gives possibility 
improve not only powder quality, its chemical 
composition and technological properties and to 
save energy with point of view of used H2 

generation. 
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SYNTHESIS OF THE MODIFIED BIOACTIVE CALCIUM 
HYDROXYAPATITE 

Zaslavskava L.V., Belousova E.E, Rosantsev G.M. 
Donetsk National University, Donetsk, Ukraine 

Calcium hydroxyapatite (HA) is a perspective 
biologically active material used in medicine as a 
substitute of a bone substance [1]. Synthetic HA 
has no the sufficient physics-mechanical 
characteristics in comparison with a human bone. 
With the purpose of increase of durability 
hydroxyapatite ceramics enter various modifiers 
[2]. It is known, that in quality of implants can be 
used the bioactive glasses and sitalls, which 
synthesis is carried out on a basis of calcic and 
phosphoric systems [3]. The majority of the 
researchers connect bioactivity of these materials 
to formation of the apatite layer in a transitive zone 
implantant-bone . 

The purpose of the given work is the research of an 
opportunity of formation the calcium 
hydroxyapatite , modified by lanthanum ions, 
silicon and tantalum with the subsequent study of 
durability of ceramic samples. In the work it was 
given the conditions of synthesis of calcium 
hydroxiapatit modified by the lanthanum and 
silicon ions using the method of precipitating from 
the water solutions. It was determined that pH of 
initial solutions and precipitation, concentration 
and temperature processing influence on the 
composition of the modified product. It was shown 
that the introducing of the oxygen compounds of 
tantalum improve the physical and mechanical 
properties of ceramics. 

Synthesis calcium hydroxyapatite, containing ions 
lanthanum and silicon (HALS) of structure Ca9 La 
(P04)3 (Si04)(OH)2, carried out under the circuit: 

-3+ 9Ca2+ + La3+ + 5P04
3" + Si03

2- + 40H" ^Ca 
9La (P04) 5 (Si04) (OH) 2 

In this reaction OH" groups carry out two 
functions :transfer metasilicate-ion to the 
ortoforme and enter in the structure of a HALS 

The choice of area pH precipitated of the specified 
connection was carried out on the basis of 
modeling processes in initial solutions. Is 
established, that the first function of OH- group is 
carried out in area pH 12,5. The metasilicate-ion 
practically passes in ortoforme, calcium is as 
CaOH  +,   phosphorus  -   as   P04

3\   There   fore, 

synthesis HAJ1S carried out at pH from 12,5 up to 
13,5. The workers meanings were been chosen 
pH:12,5; 12,75; 13,0; 13,25; 13,5, and for 
comparison one synthesis was been carried out at 
natural meaning pH of initial solutions 
(pHAn=ll,2). 

Synthesis carried out in reactor at t=1000C within 
two hours. The received deposits were been 
filtered, washed out and dried up. The synthesized 
samples were been tempered at t=800 0C within 
2,5 hours, pressed in hydrostatic conditions and 
annealed at 1200 °C. The received ceramics was 
been subjected to methods of the chemical, X-ray 
phase and IR-spectrum analysis. 

On the data XRA powders synthesized at natural 
meanings pH Anll,2 with subsequent annealing at 
800 °C, represent a mix of average calcium 
phosphate (TCP), lanthanum and silicate calcium 
CaSi03. Is shown, that the introduction of OH - 
groups during synthesis for increase pH up to 12,5 
is accompanied by formation alongside with 
lanthanum phosphate TCP and calcium 
hydroxyapatite. At increase pH up to 13,25-13,50 
there is a formation of a product to structure 
calcium HA, which reflexes are displaced in the 
party of smaller corners, the IR-spectra of these 
samples are typical for calcium HA except for 
three strips: 515, 890-925 sm"1, which can be 
referred to fluctuations of anion Si04

4", included in 
structure HALC. 

The measurements of destroying pressure on a 
ceramic sample and account of border of durability 
on a bend have shown, that the durability modified 
hydroxyapatite HALC twice is more, than at pure 
HA. However, the maximal durability has ceramic 
samples representing a mix Ca3 (P04)2 and HALC. 
The satisfactory results are received also with the 
additive representing a firm solution of the calcium 
hydroxyapatite on a basis calcium tantalate , 
received by the above-stated way. 

As a result of work the circuit of synthesis 
HALsilicium is offered and the ceramics with 
improved strong by the characteristics is received. 
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With the purpose of preparation of the second kind 
modified hydroxyapatite was investigated chemical 
precipitated in systems from ammonium 
hydrophosphate, tantalum acid, calcium nitrate and 
ammonia depending on mole correlation of initial 
solutions. 

The data of residual concentration testify that 
tantalum and phosphorus is completely connected 
with calcium as difficult dissoluble connections. 
Obtained the samples are represented by 
heterogeneous mixes consisting from of the 
calcium hydroxyapatite.of the tantalum acid and of 
the insignificant quantities Ca (OH)2 , that is 
confirmed by the data of the X-ray analysis. 

Is established, that at 1000°C in structure of 
heterogeneous products the phases Ta205, 
Ca4Ta209 and not identified phase are found out. 
At increase of temperature up to 1200°C as a result 
of chemical interaction the reflexes of the not 
identified phase disappear, and the final product 
consists of various quantity Ca4Ta209,, Ca2Ta207 

with an impurity hydroxyapatite. At 1200°C the 
formation of compound CaTa206 with orto- 
rhombic structure is observed. The displaced 
reflexes on X-ray diagram assume formation of a 
firm solution calcium hydroxyapatite on a basis 
CaTa206 of the following composition: 
0,7Ca10(PO4)6(OH)2+3CaTa2O6. In conditions of 
experiment for tantalum the formation calcium 
tantalate with pirochlorine structure of composition 
Ca2Ta207 is characteristic. The displaced reflexes 
calcium hydroxyapatite and Ca2Ta207 on X-ray 
diagram assume their mutual solubility. 

The results of researches of series with tantalium 
were used for preparation of ceramics on a basis 
calcium hydroxyapatite , received by precipitation 
from water solutions. Carring out. of research have 
allowed to choose optimum quantity of the 
modifier, and also to fulfil conditions of heat 
treatment, including temperature and duration of 
the kilning of a product. The quantity of the 
modifier (the samples with tantalium and other), 
added in calcium hydroxyapatite in all cases made 
2,5 mole of %. 

From the received results follows, that the 
satisfactoriest results have turned out with the 
additive representing a prospective firm solution 
calcium hydroxyapatite on a basis Ca2Ta2Ofi. 
Received parameter practically coincides with 
parameter organic bone and in this case -90 
MPa(tensile strength). 

The introduction tantalium oxyde has given 
unsatisfactory results, since the ceramics turned 
out friable. The same result has turned out on the 
additive representing of a firm solution of the 
calcium hydroxyapatite on a basis calcium 
niobiumate. The ceramics with the additive 
niobium oxyde (v), yttrium oxyde (III) and 
lanthanum oxyde (III) has practically identical 
meanings. This parameter (tensile strength) on 
pure calcium hydroxyapatite makes 48,73 MPä. 
But it is lower than result with the additive 
representing a mix of the calcium hydroxyapatite 
and Ca2Ta207, and also mix of the calcium 
hydroxyapatite and his firm solution on a basis of 
the calcium tantalate. 

The data X-ray of the analysis of ceramics have 
shown, that its structure does not vary after heat 
treatment. 

Thus, it is possible to consider, that most 
perspective in creation hydroxyapatite of ceramics 
are the combinations on a basis of calcium 
hydroxyapatite, modified by oxyde compounds of 
the tantalium. 
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THE ANODE DISSOLUTION OF LA (III) IN WATERLESS SOLVENT 

Kostyuk N.N., Dick T.A., Tereshko N.V. 
Institute of Applied Physical Problems of Belarus State University, Kurchatov str. 7, 220064 Minsk 

Belarus 

In the last years the chelate complexes of rare earth 
elements which capable to sublimate at moderate 
temperatures are of considerable chemical and 
industrial interest. ß-Diketonates have the special 
place among them. Thank to it property this 
compounds are widely used in an application to the 
deposition of metal films, coatings [1], in the 
optics and electrotechnical industry and in analytic 
chemistry [2]. 

At perspective, the development of chemistry of ß- 
diketonates leads to it heavy industrial aplication, 
so a very actual problem is a search for the new 
methods of synthesis the given class of compounds 
and investigations of it physical and chemical 
properties. 
At present, many methods of obtain of given 
compositions are existing. The most perspective of 
them are the next: a direct interaction of zero- 
valent metal with a ligand, reactions of ligand 
exchange and electrochemical method. The last 
one is more universal unlike others. It has many 
advantages, such as the one-step process, the 
absence of by-products and others. 

The anode dissolution of La with acetylacetone 
(2,4-pentanedion, C5H802, HAA) has been done in 
this work. The electrolysis was carried out in the 
glass cell without diaphragm, described early [3]. 
The test for the presence of the metal has been 
pursued by burn of the charge of the substance at 
temperature of 900°C. The IR-spectrum of the 
allocated substances was registered by 
spectrophotometer "Specord 75 IR" in the regions 
of frequency from 4000 to 400 sm"1 from the films 
of acetone and from the suspension of vaseline oil. 
The weight loss in the termogravimetrical studies 
was registered on the apparatus, has been specially 
developed, in an inert atmosphere and in an air. 

At the present work the metalic La was used as 
anode, the nickel foil as cathode, for a supporting 
electrolyte lithium chloride (LiCl) for the ethanol 
and tetraethylammonia bromide (N(Et)4Br) for 
acetonitrille. The basic data of the electrolysis are 
represented in the table I. 

Table I. 
The basic data of the electrolysis 

JV° metal 

La 

La 

Liga 
nd 

HAA 

HAA 

T,K 

293 

293 

electrolyt 

EtOH+LiCl 

CH3CN+TE 
AB 

Current 
density 
mA/sm2 

28-8 

21-6 

Reaction 
time 

2h.40min 

3h.l0min 

Quantity 
of 

electricity 
Q,K1 

905,3 

529,48 

Current 
efficiency 

of the 
metal 

% 
148 

117 

Isolate 
compl 

ex, 
% 

85 

72 

Calculate 
formula 

La(AA)3» 
0,5C2H5OH 

La(AA)3 

The element metal analysis of the allocated 
substance (tab. II) has allowed to assume, that as a 
result of synthesis are compounds of composition 

La(AA)3»0,5C2H5OH   (substance   I)   in   ethanol 
solvent and La(AA)3 (substance II). 

Table II 
The data of The element analysis on metal 

N° 
The formula of the 

substances 

La(AA)3»0,5C2HsOH 
La(AA)3 

Find, La% 

30,20 
"3X12" 

30,22 
"327)8" 

La ■midle, % 

30.21 
"32THT 

Calculate , La% 

30,25 
32,06 
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The assumed data about the structure of chelate 
complexis   was   supported   by   IR-spectroscopy 

The vibration 
frequencies of 

La(AA)3.0,5C2H5OH 
3600-3000« 
1585V.SL 

1555Sh 
1490SL 

1460sh. 

method. The frequencies of the absorption bands of 
the allocated substances are tabulated in Table III. 

Table III 
The vibration frequencies of chelate complexes. 

The vibration frequencies of 
La(AA)3 

1580v.st. 

1480st 

1455sl, 

The characteristic of frequencies 

u(OII) 
o(CO), u(OC), 5(CH3) 
6(CH3) 
u(CO), o(OC) 
8(CH3) 

v.st. - the very strong bands; *st. - the strong bands; *sh. - the shoulder. 

The absorption bands in the spectrum of the 
substances in the region 1600-1480 cm"1 shows the 
coordinative connection between central atom and 
the organic ligand (1585vs(t 1550sh.,1490s. for the 
substance I and 1580vst, 1480st for the substance 
II).In the La(AA)3«0,5C2H5OH spectrum is the 
wide absorption band in the region 3500 - 
3000 cm"1, related to the valence vibration of the 
OH-groups, suggesting that ethanol is present in 
the composition of the complex. 

Our assumption about the complex composition 
were confirmed with the help of thermogravimetry 
(TG) method. Based on the data about the weight 
loss of the charges, the TG-curves have been build. 
It follows from these that the maximum weight 
loss in the region 250-320°C for the substance I 
and 190-260°C for the substance II are 74,3% and 
73,1% respectively. On TG-curves 
La(AA)3»0,5C2H5OH forms the plateau in the 
region of temperatures 120-147°C, where weight 
change is 5,75%. So as calculated loss is 5,3%, it is 
felt that the molecules of ethanol is out from the 
complex. 

On the basis from the data of TG-analysis 
isothermal warming up of the 
La(AA)3«0,5C2H5OH sample to constant weight in 
an inert atmosphere at 120°C has been done. The 
weight loss is proves to be 5,8%. It is in complete 
agreement with the calculated data, when 0,5 
moles of ethanol are out from the complex. There 
is no the absorption bands in the region 3500-3000 
sm"1 in the IR-spectrum of the warming substance. 
It proves an absence of ethanol in the complex. 

Thus, it was shown, that anode dissolution of La 
(III) in waterless solvent at presence acetylacetone 
leads to formation an adducting complex La(AA)3 

•0,5C2HSOH in ethanol and La(AA)3 in 
acetonitrile. 
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THE THERMAL PROPERTIES OF THE TRIS- 
PIVALOYLTRIFLUOROACETONATE RARE EARTH METAL 

COMPLEXES 

Kostyuk N.N., Dick T.A., Trebnikov A.G. 
Institute of Applied Physical Problems of Belarus State University, Kurchatov str. 7, 220064 Minsk 

Belarus 

It is known, that for reception films of the high- 
temperature superconductors, alongside with 
physical, various chemical methods are widely 
used. From the last the method of chemical 
deposition from a vapor phase is most perspective. 
When development of the technology CVD by the 
first and basic question is the choice of the flying 
substances satisfing as minimum two 
requirements: they should have a technologically 
acceptable pair pressure and pass in a vapor phase 
(to evaporate and to sublimate) without 
decomposition [1,2]. ß-Diketones of metals satisfy 
these conditions. They have high volatibility at 
rather low (100-300°C) temperatures. Based on a 
literary data [1], the replacement of atom of 
hydrogen by fluorine in a-position of the ß- 
diketone results in increase volatibility of the ß 

diketonates, however thus there is a reduction 
thermostability of the chelate complexes. In this 
connection it is very important to know thermal 
property of the CVD technology substances. 

In the present work the purpose concerning 
research of thermal behaviour tris- 
pivaloyltrifluoroacetonate rare earth metal 
complexes (l,l,l-trifluoro-5,5-dimethyl-2,4- 
hexandione) has been done. It was put for their 
thermal stability and volatibility on the basis of the 
data thermogravimetry. There are the data 
concerning the beginning of sublimation 
researched chelate complexes, the interval of 
temperatures which characterize directly processes 
of sublimation and thermal decomposition, and 
also the maximal losses of weight in the table 

The given thermal research date of the tris-pivaloyltrifluoroacetonate rare earth metal 
complexes 

Tris-chelate complexes 

PrL, 
PrL3«0,75Phen 

SmL, 
EuL3 

EuL3«Dip 
EuL3«0,5Dip 

EuL3»0,25Phen 
YL3 

GdL3 

TbL3 

DyL3 

Max. losses of weight at 
thermogravimetry., % 

77,8 
96,5 
77,3 
86,6 
92,9 
92,9 
92,0 
94,7 
86,0 
88,7 
87,8 

DyL3«0,5Phen 
HoL3 

TmL3 

YbL, 
LuL3 

96,7 

°C 

60 
150 
60 
89 
150 
140 
90 
70 
60 
80 
60 

86,4 
87,8 
97,7 
90,6 

100 

TrT2
0C 

208-290 
250-334 
232-286 
198-284 
240-323 
252-320 
256-347 
198-282 
222-254 
248-280 
212-300 

110 
100 
90 
120 

244-324 
220-300 
178-290 
182-268 
204-284 

Where Tbeg. - temperature at which changes of 
weight begin; T,-T2 - an interval of temperatures of 
the      maximal      loss      of     weight;      L 
pivaloyltrifluoroacetonate; Dip - a, a'-dipyridile; 
Phen - 1,10-phenantroline. 

It is possible to notice, that for many tris- 
pivaloyltrifluoroacetonate rare earth metal 
complexes rather small temperatures of the 
beginning of it sublimation are characteristic: less 
100°C for YL3, GdL3, TbL3, DyL3, PrL3, SmL3, 
EuL3»0,25Phen and YbL3. 
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The data given in the table testify that for tris- 
chelate complexes of the easy trivalent metals have 
the lower values of the maximal losses of weight 
(less than 78 % for tris-chelate complexes Sm and 
Pr), than for the tris-complexes of heavy metals 
ittrium subgroups (from 86 % at GdL3, up to 97,7 
% at YbL3). It is obviously connected with 
different stability of the substances: tris-chelate 
complexes of the heavy rare earth metals because 
of lantanium compression are steadier [3]. It is 
shown, that adductoformation results in increase 
volatility of the tris-pivaloyltrifluoroacetonate 
rare earth metal complexes that well is coordinated 
to the literary data [3]. For example, the maximal 
losses of weight for EuL3 is 86,6 % while for 
EuL3«Dip, EuL3-0,5Dip and EuL3«0,25Phen one 
grow up to 92,9; 92,9 and 92,0 % accordingly. It 
speaks that the adductformation due to a saturation 
of the coordination sphere of the metal - 
complexoformate, resulting at suppression of 
processes of polymerization the tris- 
pivaloyltrifluoroacetonate rare earth metal 
complexes. 

pivaloyltrifluoroacetonate rare earth metal 
complexes have high an ability to sublimation. 
They may be used for substances, which may be 
apply in CVD processes. It is shown, that 
adductformation with neutral ligands results in 
increase volatility tris-pivaloyltrifluoroacetonate 
rare earth metal complexes. 
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Thus, the received results of the thermogravimetry 
researches testify that the tris- 
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THE ION IMPLANTATION FOR IMPROVEMENT OF THE PROTECTIVE 
NITRIDE LAYERS PROPERTIES FOR APPLICATION 

IN BIOCOMPATIBLE ENVIRONMENT 

Fedirko Victor, Pohreliuk Iryna, Yaskiv Oleh, Mynyk Switlana 
G. V. Karpenko' Physico-Mechanical Institute of NASU, L'viv, Ukraine 

The complex of the high service properties 
such as corrosive resistance, ductility, specific 
strength and hardness causes the wide using of 
titanium and its alloys as biocompatible 
implantator in medicine [1]. Lately in the case of 
foreign body embedding into living tissue of 
human organism the titanium alloys samples with 
surface layers modified by interstitial elements 
(nitrogen, boron, carbon) were started to use [2]. 
The aim of this report was to determine the using 
effectiveness of additional surface treatment of 
titanium (boronizing, nitriding) in the term of its 
biocompatibility in human organism circulatory 
system. 

The titanium saturating of interstitial 
element was carried out by chemical and thermal 
treatment and ion implantation and also 
consecutive treatment of these both methods. The 
latter let combine the advantages of both treatment 
such as the possibility of treatment the complex 
form samples, obtain the depth modified layers at 
thermodiffusive saturation and make the controlled 
alloying during ion implantation. 

The VT1-0 titanium alloy samples 
(15x10x1 urn) typical purity were investigated. 
Prior to saturating the samples surface were 
polished (Ra=0,4 urn). The chemical and thermal 
treatment was carried out in nitrogen atmosphere at 
the temperature range of 750.. .950 °C for 5 hours. 
The nitrogen of typical purity has been cleared 
from oxygen and humidity (<0,05%) by passing 
trough the chamber with silicagel and titanium 
shaving. The samples had been ion implanted with 
voltage E = 40 keV and current I = 20 umA/sm2 

and boron ion flux D = 1016 ion/sm2. The 
electrochemical tests were performed with 
potentiostat PI-50-1.1. The potentials are reported 
with the respect to a chlorine -silver electrode. The 
polarization curves were obtained with a scan rate 
of0,2V/s. 

The corrosive behaviour tests were carried 
out in 0,9% aqueous solution of sodium chloride 
possesses the most like human blood chemical 
biological properties. 

The boron ion implantation of nontreated 
(without nitriding) VT1-0 titanium alloy samples 

results in not only boron dissolution but also start 
the boride formation. The low intensity of lower 
borides (Ti2B and Ti2B5) indicates the presence of 
these phases in small amount at surface. It already 
results in the surface hardness increasing by 
0,3 GPa. 

It is known that borides possess the highest 
hardness among wide using interstitial phase 
(oxides, nitrides, carbides, and borides) [3]. But the 
large size of boron atoms is the obstacles the depth 
strengthened layers forming. In this paper the 
boron ion implantation influence on the 
strengthening of nitrided samples obtained by 
thermodiffusive saturation was determined. 

The weigh growth tests revealed the 
influence of nitride layer structure on boron 
saturation process. That is the largest weigh growth 
in respect to area unit is observed for nitride layer 
with considerable imperfection due to 
thermocycling after boron implantation. The 
reduction of nitride layer structural heterogeneity 
complicates the diffusion boron penetration. It was 
established that the boron modification the 
pretreated samples promotes the surface increasing 
by 3,4...4,2 GPa for nitrided samples at low 
temperature (750 °C) and cycling (750<->850 °C) 
and by 2,3...5,0 GPa for nitrided samples at high 
temperature. It can be attributed to the fact of the 
different state of the surface nitride film preceded 
ion implantation process. The oxygen impurities in 
nitrides in the case of nitrided samples cooling in 
air flow and also structural microstresses provoked 
thermocycling or high temperature (950 °C) result 
in the active saturation of boron atoms and than 
significant strengthening of surface layer. 

This surface strengthening is accountable 
for by the forming of lower boride phase Ti2B5 (the 
main observed boride phase) and Ti2B (solitary 
observed reflexes) and also due to the boron 
dissolution in the mononitride lattice with the 
possible boronitrde formatting. The evidence of the 
former is appearance of the boride phases reflexes. 
The latter is confirmed by the increasing of TiN 
lattice parameter. The considerable strengthening 
while the low intensity of boride phases reflexes 
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signifies the efficiency of additional boron 
saturation the nitride layers. 

The nitrogen and boron saturation make 
change the open corrosion potential of the samples 
and in most cases to negative values (Table). Only 
after high temperature nitriding the ennobled 
potential is observed. It indicates that the 
predominant inhibitting of the anodic reaction 
takes place. Whereas in the rest cases it indicates 
about slowing down the cathodic reaction rate. It is 
significant that polarization curve trend of high 
temperature nitrided sample conforms to surface 
passivation stage in the range of corrosion 
potential. 

The additional boron saturation of nitrided 
surface changes the sample electrochemical 
properties. The potential ennobling concerning to 
the nontreated sample and the most considerable 
current decline are observed for the samples 
treated at the high temperature (950 °C). However 
at the anodic polarization (under identical 
potentials) the dissolution currents with respect to 
boron unimplanted nitrided samples are higher. It 
indicates that the boron presence in nitrided layer 

reduces the surface resistance to anodic 
polarization. 

At the same time the corrosion currents of 
the samples with nitride layers and additional 
boron saturation layers concerning to untreated 
sample is reduced. It indicates the beneficial 
protective effect of such treatments of titanium 
alloy. 
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Table. Electrochemical properties of VT1-0 titanium alloy exposured to 0,9% aqueous solution of 
NaCl after nitriding and boron implantation 

Condi 
tions 

After nitriding After nitriding and boron implantation Nontr 
eated 750 °C 850 °C 750<->850 

°C 
900 °C 950 °C 750 "C 850 °C 750^850 

°C 
900 °C 950 °C 

F 

mV 
-420 -395 -294 -243 -238 -404 -475 -448 -298 -245 -290 

^cor; 

A/m2 
0,047 0,05 0,056 0,042 0,01 0,05 0,04 0,1 0,03 0,04 0,058 

ID, 
A/m2 

2,0 0,63 0,8 0,25 1,5 1,5 1,3 1,0 0,4 1,0 2,5 
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TECHNOLOGY OF PRODUCING THE SMOOTH POWDER BUSHES 
WITH HIGH DENSITY 

Ryabicheva L.A., Tsirkin A.T., Khichenko V.F. 
East Ukrainian National University named after Vladimir Dahl, Lugansk, Ukraine 

The smooth bushes are widely used in engineer- 
ing. The significant amount of such parts works in 
condition of high pressure and at presence of im- 
pact loads. The high requirements are shown on 
strength and toughness of materials, from which 
one this parts are made. Such bushes are produced 
from carbon and alloyed steels by machining of 
castings, forging,, thick-walled tubes and less of- 
ten rods. The labor input of bushes manufacturing 
is high and metal utilization coefficient makes of 
0,34-0,7 [1]. 

Allowing advantages of a powder metallurgy 
(wasteless and high productivity), the bushes from 
metallical powder is found the increasing apply- 
ing. However, such parts produced on conven- 
tional technology - pressing and sintering - have 
a high porosity that reduces mechanical properties 
of material and limits a feasibility of powder 
bushes in loading units. Especially it concerns 
bushes with wall thickness less than 5 mm and 
height - wall thickness ratio more than 10 mm. 
Such thin-wall and high bushes have much higher 
porosity in center then in end faces area. The in- 
creasing of density by double pressing and sin- 
tering isn't obviously possible, because the 
punches have low stability and can't bear high 
pressure which is necessary for attainment of de- 
manded density. The ways of long-sized articles 
producing by densification of porous blanks in 
radial direction by ä central punch with a conical 
effective part are known [2]. After such technol- 
ogy the tubes with density up to 0,70-0,85 and 
high equidensity used as filters are produced. 

The development of such technology is inter- 
est for smooth thin-wall bushes producing, which 
one will supply attainment of high-density and 
equidensity at smaller energy consumption. 

The researches are executed on samples di- 
mensioned 50,5x41,5x50 mm. The blanks pressed 
from iron powder and sintered at 950°C for one 
hour are pressed in a die by a central punch with a 
conical effective part. 

It is determined that at penetration of a punch 
into the blank there is a flow of metal in radial and 
axial directions. The density of the bush increases 
by displacement of part of metal in radial direc- 
tion. The displacement of metal in axial direction 
results in increase of the height and in the bun- 

formation at the lower end face. The produced 
parts on height didn't comply with requirements 
of the drawing and relative density didn't exceed 
0,90. 

The removal of these lacks gives rise to de- 
sign the new pressing scheme at which one the 
flow of metal in an axial direction was limited by 
upper fixed punch. The height of produced blank 
is less than height of part and it has a bevel at the 
lower face end. During deformation the volumes 
were formed and executed the role of compensa- 
tors. The axial displacement of material during 
deformation was limited by fixed punches. 

We investigated the influence of blanks' den- 
sity, its height, bevel's size on density and 
equidensity of bushes. The blanks were made with 
relative density of 0,70, 0,75, 0,80, and 0,85. The 
height was changed from 46 mm up to 50 mm 
with a step of 1 mm. The outside diameter was 
took on a value of diameter of the part, and inside 
diameter was defined from weights of blank and 
part constancy principal. At the lower face and a 
bevel was made with height 2,5, 5, 10, 15 mm. Its 
maximum diameter equalled to inside diameter of 
a part and minimum diameter to outside diameter 
of blank. The angle of shaping punch made of 3°. 

The density was determined by calculation 
method on weight and volume solved on the sizes 
of bushes and by hydrostatic weighting. For de- 
termine of equidence the bushes were cut up on 
five rungs and determined their density on,the 
same technique. The equidence was valued on a 

factor St =•/{/„, where y.,/'1 - density of 
investigated segment and mean density of all 
sample. 

It is established, that the mean relative den- 
sity of samples makes 0,95 - 0,98, except those 
samples, which was pressed from blanks with 
relative density 0,70 and height of 46 mm. In this 
case mean relative density of samples didn't ex- 
ceed 0,95. The high allowance on diameters (2,8 
mm on side) increases a volume of metal, dis- 
placed in axial direction. The extrusion of metal 
into a clearance between central and lower 
punches and formation of a burr are watched. 
There are concentric cracks on an internal surface 
of parts. 
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The density of blanks and their height exerts 
an influence to equidence. The increase of density 
results in reduction of blanks' volume. The vol- 
ume of displaced metal decreases. The value of 
this volume was calculated from a ratio [31: 

V   =MöQd-Q3 

where Mö - weight of apart; 

yk - density of compact metal. 

So, at H3=49 mm and 0;i= 0,85 the volume 

of displaced metal make of 4,97 cm3, at the same 

height, but at #3 = 0,80 this value was ^,„=7,31 

cm", and at 03= 0,70 this value was Va=U cm3. 

The samples produced from blanks with relative 
density 0,85 have most uniformly distributed den- 

sity and least - from blanks with 03= 0,70. 

The change of height of blank at constantly 
values of weight and volume results in change of 
inside diameter. The reducing of height results in 
increasing of diameter and decreasing of allow- 
ance. At equalling of height of blank and part the 
high layer of the bush appears denser. 

The reducing of height results in increasing 
of inside diameter of blank and allowance. In this 
case the underlayers are denser. The optimal re- 
sidual between heights of blank and part makes up 
to 1 mm at value of relative density of 0,85; 2 mm 
at value of relative density of 0,80 (fig.l). 

50     HJ;MM 

Fig.l. Distribution of density on height of a part 

at an height of blank H3 =49 mm and relative 

densities 03:l~0,70; 2 -0,75; 3 - 0,80; 4- 

0,85; 5- H -48 mm:  #,= 0,80 

One more factor exerting influence on distri- 
bution of density on height of a part is the sizes of 
chamfer in bottom of blank. The burr is formed on 
samples produced from blanks with height of 49 
mm and relative density 0,85 and when the height 
of chamfer equals to 2,5 mm. When the height of 
chamfer equals to 15 mm the shape formation 
doesn't take place, resulting in to its filling. The 
samples are manufactured from blanks with the 
height of chamfer equals to 5 mm. At pressing of 
blanks with relative density of 0,8 the best distri- 
bution of density is obtained when the height of 
chamfer equals to 10 mm. It is explained that the 
allowance (from 0,90 up to 1,3 mm), and. there- 
fore, the volume of metal displaced in axial direc- 
tion was increased. 

The executed researches have shown that at 
radial deformation of porous blanks (RDPB) the 
high level of density and equidensity is reached. It 
is established, that the quality of articles manu- 
factured on such technology increases with 
growing of blanks' density and depends on its 
geometrical parameters - height and chamfer's 
sizes on inside diameter in bottom of blank. 

The results of investigations are utilized at 
development of technology of bushes producing 
by the sizes of 84x74 mm and with height of 80 
and 106 mm. The technological process of their 
producing incorporates next operations: preparing 
of charge, consisting from iron powder FDK2.200 
- 97% and pencil graphite - 0,3%; pressing of 
blanks with chamfer in bottom of blank: sintering 
in endothermic gas environment at 950°C for one 
hour; radial deforming of porous blank; repeated 
sintering at 1120 - 1150°C in same environment 
for one hour. The produced bushes had density of 
7,60 - 7,66 g/cm3, Brinell hardness 95 - 125 HB, 
compression strength of ring-type - 450-540 
MPa. The parts correspond to a drawings use con- 
ditions. 
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The researches of passing of metallic copper 
fibres having diameter about ten micrometers is 
earned out by many writers. It is known, that thus 
there is a plastic deformation of contact surfaces 
and plastic deformation of fixes bending. These 
data are obtained during pressing fibres of small 
diameters at producing of high porosity materials 
and with relative density up to 90%. 

We conducted researches of a capability of 
parts obtaining from copper fibres with diameter 
from 0,6 up to 1,3 mm having property of a com- 
pact material. 

Initial ML copper fibers previously is annealed 
m hydrogen cortaining environment of synthesiz- 
ing - gas for obtaining of high brittleness. The cop- 
per fibers of length 15-20 mm and diameters 1,0- 
1,3 mm is produced by grinding. The billets had 
density from 7,8 up to 8,2 g/cm3 after cold pressing 
of fibres. Their strength was near 140-170 MPa. 
However, the analysis of a microstructure has 
shown, that in produced bilMs there is no general 
consolidation of fibres (fig. 1). 

Fig. 1. The microstructure of fibrous copper with 
density up to 8,2 g/cm3 (x 500) 

On the basis of analysis of stress - strain state 
at cold pressing of fibres is obtained, that the in- 
crease of consolidation level, and, therefore, me- 
chanical properties is possible to achieve at forg ing 
with high strains. 

In papers [1, 2] is shown, that at forging of 
porous powder blanks by upsetting in closed die 
the residual porosity makes not less than 2 % for 
ac count of radial deformation. 

The initial blanks with different density are 
subjected to die forging. Thus diameter of blank 
was less then inside diameter of die. The dansif i- 
cation of material was accompanied by a radial 

flow with formation of defi.rite structure aid prop- 
erties of a forging. 

The blanks is heated in environment of syn- 
thesizing - gas to temperature 800-850° C and 
pressing on a hydraulic press by a capacity 1000 
kN and pneumatic hammer with weight of falling 
parts 160 kg. The change of samples density dur- 
ing pressing on hydraulic press and pneumatic 
hammer is shown in a fig. 2. 

Fig. 2. Variation of density of samples depends on 
strain: 1-press; 2-hammer. 

At pressing on a hydraulic press the increase 
of density of samples is watched up to 8,8-8,9 
g/cm3 at a redial strain 7,3-10,2 %.   The analysis of 
micrcsectians is shown, that grain size has com- 
pounded 2-15  microns;  mechanical properties - 
hardness 85 HB; compressicn strength 400 MPa. 
The pressing on a hydraulic press hasnt resulted in 
disappearance of fibers boundary and formation of 
a effectless compact material (fig. 3). 

Fig. 3. Mcrostructure of fibrous blank after die 
forging on press (x 500) 

At pressing of samples on a hammer their 
density was increased, that is a consecpent of in- 
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fluencLng of high strain rate. When initial density 
of samples is equal to 7,8 g/cm3 the pore-free ma - 
ferial with density 8,9 g/cm3 is obtained when a ra- 
dial strain volume is equal to 54 %. At hot forging 
of blanks with density 8,2 g/cm3 same density is 
reached at strain 33%. 11 testifies that for obtaining 
of pore-free a material it is necessary to have initial 
blank with maximum obtained density (fig. 4.). 
The density of blanks exerts influence on this pro - 
cess. The forgings, density 8,9 g/cm3 are produced 
from blanks of a different porcsiry at the same 
blow energy of falling parts of a hammer at a mis- 
eel feneous strain. 

Fig. 4. Micrcstructure of fibrous blank after die 
forging on hammer (x 500) 

For more dense blanks a smaller degree of 
structural oeformation, and, accordingly, smaller 
degree of deformation of metal In an outcome at 
equal density hot work hardening of samples, pro- 
duced from more dense blanks is less. 

For definition of a stress level arising at die 
forging, the method of micrchardness is utilized, 
which one measured on FIMT-3 devise. The 
sensings conducted on cress-section of a sample 
with a step of 0,2 mm. As it is en fig. 5, average 
value of microhardness of samples with ctensity 8,9 
g/cm3 is growth with increase of a degree of 
structural strain that is a consequent of growth of 
stresses. With increase of structural strain the non- 
uniformity of a stress distribution is augmented 
that indicates about spread in values of microhard- 
ness. 

The variation factor has compounded 0,98. 
So, at density of blank 7,8 g/cm3 the average value 
of imcrohardness has compounded 134 M Pa at a 
difference between maximum and minimum value 
66 MPa, and at the higher values itlcrohardness 
testify density 8,2 g/cm3 the average value of mi- 
crohardness equalled 101 Mpa at a difference its 
value 31 MPa. It is obtained that at an identical 
strain the stress in samples produced by forging 
more dense blanks is higher, about what the higher 
values of microhardness testify. 

The process of a die forging en a hammer 
goes with high speed, therefore at a contact of 
blank with walls of die there is jedrt daformation 
of contact surfaces and formation of new bounding 
between fibers. It is known, that for welding of 
copper the strain of contact surfaces should be not 
less than 10%. The increasing of a degree of 
structural strain conducts to growth of deforming 
of fibres and stress level about what the in crease of 
hardness and nlcrohardness testifes. The pro- 
duced parts after a final anneal irg in vacuum at 
temperature 500-600°C have hardness 39-42 HB, 
compression strength 225MPa, specific elongation 
40 %, and density makes 8,9 g/cm3. The structure 
of metal is isctropic, grain size is 5-7 microns. 
There was a full fibres corBcOidaticn. 

Thus, the applying of die forging of M tial fi- 
brous blanks of high strain rates re site in produc- 
ing articles free of defects in structure. 
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DESIGNING AN AUTOMATIC MACHINE FOR ELECTROSPARK 
ALLOYING OF STEEL 

Nikolenko S.V., Verchoturov A.D., Kovalenko S.V. 
Institute of Material Science KSC FEB RAS Russia, Khabarovsk 

1. Introduction 

Development of new effective methods of 
hardening and restoring surfaces of machinery 
parts, with predefined and controlled physico- 
mechanical properties, is a demanding task of 
contemporary material science. Electro-physic 
methods of hardening and deposition of protective 
coatings are standing out among other modern 
techniques. Electrospark alloying (ESA) is one 
such method. This technology is based upon the 
transfer of anode's (electrode) material to a 
cathode (treated part) during the spark discharge 
flowing in a gaseous environment. This 
phenomenon together with the influence of 
impulse heat and mechanical stresses results in the 
forming on the surface of a treated part of a layer 
with modified structure and composition. 
Recently, most of the ESA technology has 
concentrated on the complication of equipment, 
namely modification of the impulse generator's 
parameters, for the purpose of advancing the 
exploitation characteristics of machine parts. 
However, in order to develop a systematic 
approach to ESA, which would allow for the 
flexible definition of characteristics and 
parameters of technological processes, and testing 
different modes of coating deposition, it is 
necessary to create a mechanical (technological) 
system. 

The purpose of this work is to describe the 
development of mechanical, automatic devices 
with a rotating electrode and controlled, stable 
interelectode space (IES), which assures the 
continuity of treatment, i.e. constant electrode- 
instrument's pressure at the alloyed surface of the 
part. 

2. Results and discussion 

The staff of the "Powder metallurgy and 
protective coatings" (PM&PC) group have 
designed a mechanical ESA machine based on a 
turner rig TV-16 (Pic. 1). The machine consits of: 
• Modernized turner rig TV-16; 
• Impulse generator; 

• Mechanical   electrode   head   with   a   IES 
tracking system; 
• Detachable      device      for      the      vertical 
transportation of the treated part; 
• Detachable polishing device; 

Pic. 1. A general view of the mechanical ESA 
machine. 

The mechanic complex allows to test ESA 
technological processes on rotating bodies, while 
the detachable transporting device makes it 
possible to treat flat surfaces. During ESA, anode 
erodes in liquid and vapor phases and the erosion 
products are transferred to the cathode as a result 
of the thermomechanical influence of the spark 
discharge. As a result of a micrometallurgical 
process, a specific composite material, which 
includes the material of both electrodes and 
products of their interaction with each other and 
the environment, is formed on cathode's surface. 

It is known that the ESA process's efficiency and 
physico-chemical properties of the alloyed layer 
decrease as the internal stresses and secondary 
structures accumulate in the electrode's material, 
facilitating the need for correction measures. This 
purpose is served by the polishing device, which 
can be attached to the support of the turner rig. 
The device allows polishing the surface layer 
between the two ESA cycles, therefore assuring 
higher continuity and lower porosity after the 
alloying. The designed system for the positioning 
of the alloying electrode in the interelectrode 
space controls the electrode's wear and 
significantly stabilizes the ESA process, which in 
its' turn positively affects the forming of a high- 
quality alloyed layer. The machine stands out 
from the rest of its' counterparts due to its' ability 
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to treat interrupted surfaces with grooves acceding 
in size the diameter of the alloying electrode. 
Modification of the turner rig is accomplished by 
the mounting of an isolated jaw chuck and its' 
connection to the impulse generator with a 
negative polarity wire. Furthermore, parameters of 
horizontal transportation (from 1 to 25 cm/min) 
and vertical rotation (from 0,5 to 7 RPM) of the 
part were changed. The machine is fitted with an 
"IMES"-type impulse generator (Pic. 2), which 
was also designed in our laboratory. The generator 
is meant to be used together with a mechanical 
rotating electrode head, as well as with a manual 
vibrator. 

Pic. 2. Impulse generator 

The built-in tachometer allows choosing and 
controlling the rotation speed of the electrode in 
the limits of 10-3500 RPM. The new mechanical 
electrode head with a positioning mechanism 
improves physico-chemical properties of the 
alloyed layer. Electric drives of the machine are 
equipped with optical electronic motion sensors. 
The output signal of these sensors is represented 
by a sequence of voltage impulses. The machine 
has a convenient interface and can be connected to 
a computer, which can be used to monitor and 
control the ESA process. All of the 
abovementioned features allow to systematically 
solve the problems of creation of surface layers 
with predefined and controlled properties. 

The part shown on Pic. 3 consits of: 
mechanical     device,    including    fastening, 

positioning  and  transporting  parts, as  well  as 
detachable devices for the polishing and vertical 
transportation of the treated part; 

tracking system responsible for maintaining 
the given IES. 

Technical parameters of the machine 
Voltage (50±lHz), V 220±22 
Power consumed on nominal 
voltage, kV-A <]?o 
Layer thickness, micron 2-500 
Productivity, cm2/min 0,1-3 
Roughness, micron <10 
Impulse time, microseconds 2-200 
Amplitude value of the current, A 1-100 
Mass of the impulse 
generator, kg 18 
Mass of the machine, kg 50 
Part's rotation speed, RPM 0,5-7 
Part's horizontal speed, mm/min 0,5-25 
Working mode - manual or automatic. 

3. Conclusions 

1. An automatic machine for electrospark 
alloying, allowing to test technological processes 
on flat and rotation bodies, was produced. 
2. Mechanical electrode head equipped with the 
positioning system, which assures the deposition 
of alloyed layers with increased physico- 
mechanical and exploitation properties and 
generally stabilizes the ESA process, was 
designed. 
3. Complex has a convenient interface, which 
can be linked to a computer, allowing computer- 
aided monitoring and control of the ESA process. 
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Pic. 3. The treatment part of the ESA machine. 
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THE METHODS OF COMBUSTION CHAMBER WALL PROTECTION 
FROM INFLUENCE OF HIGH-INTENSIVE HEAT FLOW 

Arinkin S.M. 
Lykov Heat and Mass Transfer Institute, Nat.Acad.Sci.Belarus, Minsk, Belarus 

It's considered the walls heat protection 
problem of the devices witch have 
temperature of active volume ~(10-10)C 
[1,2]. This is plasma reactors, gaseous phase 
nuclear engines [], the aviation and rocket 
engines combustion cameras constructed 
from porous refractory materials [5]. In [] one 
has proposed to use the ligth - fused 
refractory materials witch have the 
evaporation temperature within the range (15- 
350)°C. After passing of porous wall they are 
cooling a wall and at the exit of chamber 
(temperature (1200-1700)°C) the boilable 
combinations are restored to ligth - fused 
metals. At the chamber wall the gas - powder 
layer is created. This layer absorbs and 
reflects microwave within wide range of a 
waves lengths. In [7] one has obtained that 
gas - powder medium flow is accompanied 
by the magnification of powder size. The 
medium reflection property change 
continuously. In [8] one has obtained that 
within the waves lengths range (0,005-1) 
mkm an extremal reflaction is achieved at the 
particles sizes within the range (0,03- 
0,l)mkm. 

At a partical size decrease the exremum of 
screening effect replace to ultraviolet. 

At the active volume temperature 
10000<T<100000°C the main emmition take 
place within the waves lengths range (0,005- 
0,04)mkm. This is X-rays - vacuum 
ultraviolet range. For reflection and emission 
effect one required to use the particles with 

the sizes -10 angstremm. The particles with 
such sizes are appeared at restoration of 
WC16, WF6 at the exit of combustion 
chamber. 
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SYNTHESIS OF TERNARY GRAPHITE-LIKE PHASES IN THE B-C-N SYSTEM 

Lvashenko V.l.. Tomila T.V., Zelyavskii V.B., Krushinskaya L.A., and Kurdyumov A.V., 
Institute For Problems of Materials Science, National Academy of Sciences of Ukraine, Kiev, 

Ukraine 

Synthesis of ternary phases in the B-C-N 
system is of interest in view of the possibility of 
producing new promising materials both in the 
graphite-like an diamond-like form. Ternary 
compounds with a graphite-like structure can be 
used as semiconductors operating at high 
temperatures [1]. 

There exists a great number of developed 
methods for preparing materials with a graphite- 
like structure in the B-C-N system, however, 
synthesized products are not always single-phase. 

In the present work, the possibility of 
synthesizing graphite-like boron carbonitride with 
a nanocrystalline structure by the solution method 
was investigated. This method has found 
application in the production of highly disperse 
and monodisperse powders. The procedure for 
preparing mixtures provides their high dispersivity 
and homogeneity, as well as a good contact 
between components. 

As starting materials for the synthesis, 
boron acid, carbamide, and saccharose were used. 
The saccharose content was varied from 40 to 80 
mass %. The components dissolve well in water, 
which guarantees their ideal mixing. 

The     mixtures     of     the     following 
compositions were investigated: 
mixture I: H3B03 + carbamide + 40 mass % 
saccharose; 
mixture II: H3B03 + carbamide + 60 mass % 
saccharose; 
mixture III: H3B03 + carbamide + 80 mass % 
saccharose; 
mixture IV: H3B03 + carbamide + 60 mass % 
saccharose + 10 mass % NH4CI. 

The pyrolysis was carried out in a 
nitrogen flow, whose rate guaranteed the removal 
of gases and water vapor formed during thermal 
treatment. It was established that the largest loss in 
mass occured at a temperature of 200°C and that 
the process was completed at 400°C. The 
conditions of pyrolysis made it possible to prepare 
a mixture of boron oxide and carbon in which a 
homogeneous distribution of components and a 
good contact between them were retained. Carbon 
is in the amorphous state and retains its active 
reduction power. The mixtures prepared do not 

require additional grinding, and the particle size 
did not exceed 0.001 \un. 

The mixtures were nitrided in a purified 
nitrogen atmosphere in the temperature range 
1200-1450°C with an exposure time of 1-3 h. 

According to the chemical analysis data, in 
samples, oxygen was present, the boron content 
exceeded its calculated content, and the maximum 
nitrogen content was 28%. 

According to the X-ray analysis and IR 
spectroscopy data, in heat treated samples, boron 
oxide was detected. Moreover, the presence of 
absorption bands at v ~ 1380 and 815 cm-1 
indicates the presence of B-N bonds, and the 
region at v ~ 1250 cm"1 characterizes C-N bonds 
[2-4]. This gives grounds to think that, during heat 
treatment at a temperature >1300°C, the process of 
formation of a B-C-N structure occurs. A decrease 
in the intensity of the absorption band at v ~ 815 
cm"1, which characterizes interlayer vibrating mode 
in graphite-like BN substantiates the made 
suggestion [5]. The IR spectroscopy data show the 
presence of C-0 and N-0 bonds in the frequency 
ranges v ~ 1400-1600 cm"1 and 1000-1100 cm"1, 
which characterizes the incompleteness of the 
process of formation of boron carbonitride [6]. 

The maximum carbon content was 
detected in samples prepared by nitriding mixtures 
containing 80% saccharose and those containing 
NH4CI. 

In X-ray diffraction patterns of the 
powders prepared, only smeared lines 002 and 10 
from graphite-like phases are present. The line 002 
is asymmetric. The lines hkl where 1 * 0 (101, 102, 
112, etc.) are absent due to the two-dimensional 
character of diffraction caused by the 
turbostraticity of graphite-like structures. 

According to data of work [5], in X-ray 
diffraction patterns, for single-phase graphite-like 
boron carbonitride, the practically symmetric line 
002 is typical. In X-ray diffraction lines of the 
samples obtained, the line 002 is asymmetric 
(Fig. 1). 
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Fig. 1. Profiles of diffraction lines 002 from 
graphite-like structures: 1 - experimental curve; 2 
- after separation; 3 - C and BN; 4 - BCi.28N [5]. 

This enables one to suggest that the 
obtained samples are mixtures of graphite-like 
phases consisting of BNg, carbon, and (BN)xCi.x. 
The IR spectroscopy data confirm this suggestion 
by the presence of absorption bands characteristic 
for both BN and disordered carbon at v ~ 950 cm"1 

[7] and by the presence of bands corresponding to 
C-N bonds. 

It was established that the boron 
carbonitride contents in the powders synthesized 
from mixtures containing 60 mass % saccharose 
and mixtures containing NH4C1 were above 60 
mass %. 

The results of investigations show that the 
solution method of synthesis of boron carbonitride 
is promising. It makes it possible to prepare 
powders containing up to 60 mass % graphite-like 
boron carbonitride at relatively low temperatures. 
Powders synthesized by this method have 
turbostratic structure characteristic for ternary 
graphite-like phases in the B-C-N system. 
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DEVELOPMENT OF METHODS OF DEPOSITION OF 
DISCONTINUOUS NICKEL COATINGS ON POWDERS OF AB5 TYPE 

ALLOYS 

I. Slys', L. Shcherbakova, A. Rogozinskaya, D. Shchur, and A. Rogozinskii 

Institute for Problems of Materials Science of the NAS of Ukraine, 

INTRODUCTION 
From the viewpoint of hydrogen 

storage, lanthanum nickelide LaNi5 and its alloys 
are considered to be most promising. To improve 
service   properties   of  LaNi5-based   electrode 

materials, microencapsulating of particles of 
LaNi5-based alloys by different metals, which 

enables one to decrease significantly the 
oxidation and disintegration of electrodes during 
hydrogen adsorption/desorption, is used. 
Deposition of coatings on alloy powders is 
traditionally performed by chemical methods in 
aqueous solutions with using reducers. 

In the present work, we present results 
of a study of the possibility of using two 
alternative methods of deposition of a nickel 
coating on the surface of powders that are 
hydrogen sorbents as a result of decomposition of 
nickel oxalate either during reducing heating in 
hydrogen or during intensive grinding in a 
planetary ball mill by the reaction 

NiC204 = Ni + C02 

EXPERIMENTAL DETAILS 
The intermetallic compound MmNi5 

(Mn = Lao.g4Ceo.i6) was obtained by induction 
melting in argon followed by grinding of the 
ingot and cycling in a hydrogen atmosphere with 
the aim of its further comminution. The reducing 
heating of an alloy-nickel oxalatate mixture was 
carried out in a hydrogen flow at temperatures of 
250-450°C for 2.5 h. The mechanochemical 
modification of the surface was performed in a 
planetary mill in different gas atmospheres (air, 
argon, hydrogen, and vacuum) for 6 h under 
conditions of intensive grinding of the alloy- 
nickel acetate mixture. Electrochemical 
measurements (plotting of voltammograms and 
charging curves) were carried out in a three- 
electrode cell, with an anodic and a cathodic 
space being separated , with using a P-5848 
potentiostat. The investigated electrode made in 
the form of a pellet 1 cm in diameter was pressed 
into a nickel holder-current tap. As a reference 
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electrode, a Hg/HgO electrode was used, and a 
platinum plate served as a counter electrode. 

Changes in the morphology of the 
surface and phase composition, as well as 
transformation of the crystal lattice of the 
investigated objects depending on the conditions 
of deposition of coatings were controlled by 
methods of X-ray diffractometry, local X-ray 
local microanalysis and scanning Auger 
spectrometry. 

RESULTS AND DISCUSSION 
Thermal decomposition of nickel 

oxalate. It was established that the amount of 
nickel oxalate introduced into the alloy powder 
influences essentially the structure, phase 
composition, and electrochemical characteristics of 
the heat treated powder. On addition of about 10 
mass % (in terms of Ni) of oxalate, in X-ray 
diffraction patterns of the heat treated powder, 
significant decreases in the intensities of lines 
characteristic for the MmNi5 alloy are observed, 
and the intensive lines of the free nickel phase are 
detected. Alloy particles are covered with a nickel 
layer 5 jam in thickness, the coating is dense, which 
leads to an abrupt decrease in the surface area 
accessible for proceeding volume (for hydrogen) 
reactions. The electrochemical discharge capacity 
decreases from 190 mA-h/g for the initial alloy to 
zero, and the hydrogen capacity in the gas 
atmosphere decreases from 165 ml/g to 70 ml/g. In 
Auger spectra obtained for mixtures of alloy 
powder with less than 1 mass % of nickel oxalate 
(in terms of nickel) after heat treatment at 400°C 
for 2.5 h, lines of the Ni phase are present. On local 
scanning of the surface, the intensities of the lines 
of this phase change by several orders of 
magnitude, which indicates the nonuniform 
distribution of conglomerates and individual Ni 
nanoparticles on the surface of alloy particles. The 
hydrogen capacity of the powders modified by 
nickel is equal to that of the initial alloy. It is likely 
that the electrochemical capacity on discharge falls 
by 40-50% as a result of the partial contamination 
of the surface of the MmNi5 alloy by products of 
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thermal decomposition of nickel oxalate (CO, 
C02, and H20). 

A method of mechanical treatment in 
the presence of nickel oxalate. The high-energy 
mechanical grinding of the MmNi5 alloy powder 
with small amounts of nickel oxalate (1.5 mass % 
and 3 mass % in terms of nickel) was carried out 
in air, an argon and hydrogen atmosphere, and 
vacuum. During grinding in the planetary mill for 
6 h, amorphization of the alloy does not occur.. 
The initial alloy powder is uniphase, while, in X- 
ray   diffraction   patterns   of the   products   of 
grinding of the alloy-nickel oxalate mixtures, the 
weak line (110) of nickel is present. The presence 
of individual nickel nanoparticles and nickel 
microclusters,    that    are    rather    uniformly 
distributed over the surface of alloy particles, was 
detected with using scanning electron microscopy 
and Auger spectroscopy. The volume of the 
crystal lattice remains practically unchanged after 
grinding of the mixtures in vacuum and in air, 
and increases slightly after grinding in argon (by 
1%)  and  hydrogen   (by  5.8%).  A  noticeable 
increase in the lattice size along the axis c after 
grinding in hydrogen gives ground to suggest its 
active   penetration    into   the    cell   and   the 
preferential   location   of   its   atoms   between 
hexagonal planes along the axis. The discharge 
capacity of the alloy after mechanical grinding 
rises by 30-35%, which is connected with the 
formation of a highly developed surface which is 
active it terms of hydrogen-exchange reactions. 

The combination of by nickel grinding with the 
simultaneous modification of the surface particles 
and the increase in the nickel oxalate 
concentration in the alloy powder from 1.5 to 3 
mass % (in terms of nickel) exert practically no 
effect on the electrochemical characteristics of 
the alloy. The grinding of the powder mixtures in 
air results only in the partial oxidation of the 
surface and in a fall of the discharge capacity 
almost by 20% in comparison with that of 
powders ground in vacuum. The powders 
modified by nickel during grinding retain their 
electrochemical characteristics on long standing 
in air. 

CONCLUSIONS 

1. On thermal decomposition of nickel oxalate in 
hydrogen at 350°C, either continuous or patch- 
like nickel coatings form. During deposition of 
coatings, the discharge capacity of the alloy 
powders decreases due to the contamination of 
the surface by the decomposition products of the 
salt. 
2. During mechanical treatment of the alloy in the 
presence on nickel oxalate, isolated nickel 
particles and their conglomerates that are 
uniformly distributed over the surface form. As 
compared to other methods of grinding of the 
alloy, the discharge capacity increases almost by 
30% and varies within 20% depending on 
atmosphere used in grinding. 
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DIFFUSION BONDING APPLICATION FOR MANUFACTURING 
OF OXIDE CERAMICS JOINTS IN AIR ATMOSPHERE 

WITH THE USE OF PLATINUM OR PALLADIUM GASKETS 

Naidich Yu.V., Gab LI.. Stetsyuk T.V., Kurkova D.I 
Frantsevich Institute of Materials Science Problems, NAS of Ukraine, Kiev, Ukraine 

The permanent joints of oxide ceramics units 
among themselves, and with metal ones obtained 
by metal solders brazing [1],  or by diffusion 
bonding  using  metal   gaskets   [2]   are  applied 
successfully for a long time in various areas of 
engineering and are maintained in a broad range of 
temperatures from cryogenic [3] up to 800 °C [4, 
5]. However, during development of new advanced 
and more reliable instrumentation which can be 
operated frequently in extreme conditions there is 
more   often   necessity   in   obtaining   of  high- 
temperature ceramics strong joints, capable to work 
at temperatures up to 1200 - 1400 °C in various 
conditions   including   air   atmosphere.   At   the 
moment there are the high-temperature ceramic 
materials based on alumina and zirconium oxide 
suitable for long operation in air atmosphere at 
high    temperatures    up    to    1800    °C.    But 
manufacturing of these materials permanent joints 
able to work at the above mentioned temperatures 
in air atmosphere is complicated problem a rather, 
which the given paper is devoted to the solution of. 
It is quite obviously that solders able to work in 
such conditions can be platinum group materials 
resistant to oxygen action at high temperature only. 
We selected palladium and platinum as solders and 
the samples for joining were made from alumina 
and zirconium oxide. Besides great technological 
difficulties   (very   high   temperature   of solders 
melting in vacuo, especially in case of platinum 
evaporation of these metals in vacuo, etc.), active 
brazing selected ceramics by melted platinum and 
palladium solders method is also not acceptable 
because of bad wetting chosen ceramics by these 
melts [6]. Therefore our selection of a joining 
method of alumina and zirconium oxide was based 
on these materials diffusion bonding carried out in 
air   atmosphere.   For   this   purpose   the   high- 
temperature furnace SVK 5163 with chromite- 
lanthanum heaters was used, which was equipped 
by  specially  developed  appliance  for pressure 
transmission on samples being joined. It consisted 
from   lever   system   in   which   pressure   was 
transmitted from separable metal loads suspended 
on the end of the long metal lever to a refractory 
ceramic rod entering inward furnace chamber and 

contacting directly with samples being joined. 
These are ceramic bars 10x4x2 mm by size, 
collected pairwise with the appropriate metal 
gasket (palladium, platinum) between them in a 
special equipment made from an alumina or 
zirconium oxide for samples centre-of-gravity 
position and fixation. Ceramic samples ends to be 
joined were polished up to a roughness Ra = 0,25 
micrometers. The initial platinum or palladium 
gaskets thickness was 0,1 - 0,2 mm. Samples 
joining was carried out in air atmosphere at 
temperatures 1300 - 1400 °C for palladium gasket 
and at 1400 - 1500 °C for platinum one. The 
welding pressure in both cases was 10 - 15 MPa, 
soaking period under pressure was 20 - 30 min 
Obtained samples subjected to mechanical bending 
tests at three-point loading and to ihermocycling in 
the air. Samples strength was about 500 MPa in the 
case platinum gasket and 400 - 450 MPa in the 
case of palladium one. The destruction of joints in 
all cases occures on ceramics near to the joint zone. 
Samples thermal resistance was also high since they 
have withstanded without destruction during 100 
cycles at heating them in air up to 1100 °C and then 
them down cooling to room temperature. 

Thus, the tests results enable us to 
recommend manufactured joints of alumina and 
zirconium oxide for use them in units of devices 
and instrumentation working during long time in 
conditions of heating them up to 1300 - 1400 °C in 
air, for example, in fuel cells, oxygen transducers, 
etc. 
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DIAMOND POWDERS OBTAINED BY CONVENTION AND 

ELECTRODISCHARGE SINTERING 
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Raychenko O.I., Pavlitchuk T.V., Kostenko A.D 
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The antifriction composition materials are 
applicable in industry [1J. It is desirable that 
antifriction materials for bearings have of a high 
resistance to vibrations. It is important for bearings 
having small dimensions. The "soft" work of such 
bearings is characteristic The main destination for 
them is ensuring low coefficient of friction, small 
dissipation in friction at low value of wear. 
Criterions for antifriction materials are coefficient 
of friction, loading and velocity characteristics. 
The general requirements to antifriction materials, 
which are used in assemblies of friction as 
construction details (bearings, supports) are high 
physico-mechanical characteristics, support 
property, low coefficient of friction, high 
resistance to wear, good ability to ain-in. The main 
materials for plain bearings are alloys on copper 
base. The copper has high heat conductivity, 
flexibility and corrosion resistance. The state and 
quantities of addition must change properties of 
bearings. The additional elements Al, Zn, Sn, Fc, 
Ni might increase strength and hardness of copper 
alloy. Zinc adding can to influence on wear 
resistant of alloy. Including graphite, sulfides 
sulfur, tin, lead, sclenidcs etc allows to withstand 
adhesion in friction surface and to create materials 
with high antifriction characteristics. 
For improvement of mentioned characteristics (i.e. 
for safe of friction surface from high wear and 
adhesion may be used others materials also, 
including diamond. It has high heat conductivity, 
strength and low coefficient of friction. The very 
fine disperse diamond powders (40-500 nm). 
which are made by means of ware used of dynamic 
synthesis. These dimensions are smaller than 
surface roughness on contact pairs of friction. Thus 
application of such fine powders excludes 
opportunity of scratching |2]. 

The metallic binder on copper base, which contains 
counter 80 Cu, 8 Sn, 12 Zn (mass %), was used. 
Ultra disperse powders of two types: were used 
clean diamond powders (sec figure) and "semi- 
product" (50% diamond powder and 50% non 
diamond graphite component). 
Properties of ultra disperse diamond powders are 
the following [3]: 
- density - (2,97-3,00) g/cm2; 
- crystalline structure - cubical and hexagonal; 
- bulk density - 0,4 g/cm3; 
- specific surface - (250-350) m2/g. 

I 

# • •   to* « - m 

Figure. Diamond powder of dynamic synthesis, 
scale: 1 cm - 1 mkm, x 10000. 

The ultradisperse powders were added in to binder: 
3, 5, 6, 7 and 9 vd. %. The (24x7x7 mm) were 
made at two technologies: 
1) conventional technology of powder metallurgy: 
compacting at pressing 30-60 MPa (up to porosity 
15-17 %), sintering at temperature 840-950 °C 
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during 1220 min, (under gaseous sate medium and 
covering); 
2) electrodischarge sintering 51 s, current density 
500 A/cm2, end pressing 60 MPa. 
The hardness of samples obtained was 50-70 HRB. 
The testing during 2 hours in oil medium, with 
counter body - steel 65G; at velocity 110 m/s and 
loading   50  N   was   made.   At  manufacture  of 
samples by electrodischarge sintering technology 
for compositions with clean ultradisperse diamond 
powders increasing their concentration from 4 up 
to 9 % of coefficient of friction was accompanied 
by decreasing from 0,14 up to 0,12, but increased 
their wearing simultaneously from 0,55 up to 10,38 
mg/km. 
After addition of 3 % "semi product" and using 
electrodischarge  technology  wearing  was  0,42 
mg/km, and coefficient of friction 0,13. 
From results presented can a give at a conclusion 
that the addition of ultradisperse diamond powders 

or "semi product" (~3 %) instead of MoS2 can 
decrease of wearing antifriction materials very 
essentially. 
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MODERN METHODS OF SYNTHESIS OF A SUPERCONDUCTIVE 
MATERIAL AND ITS PROPERTIES 
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The yttrium ceramics is used for 
manufacturing volumetric products more often in 
comparison with other superconductive materials. 
The yttrium ceramics has a number of advantages: 
temperature of superconductive transition is above 
than boiling point of liquid nitrogen, rather easily it 
is possible to receive a single-phase charge, f 1 ]. 

It is known, that volumetric 
superconductive high-temperature products (the 
targets for laser and magnetron of the equipment) 
receive from a plenty of a single-phase powder. For 
the manufacturers of high-temperature 
superconductive products it is important to have 
the authentic and reproduced information on 
properties of a material from which they arc made 
and about properties of the product. The properties 
of products depend on a method of reception of 
powders and from properties of the powder. 

The purpose of the present work was to 
receive a single-phase yttrium high-temperature 
powder. To investigate properties of the received 
powder. 

In work the physical and technological 
properties of a yttrium superconductive powder 
(form, granulometric composition, bulk weight, 
fluidity, compressibility) are investigated. The 
structure of a powder is investigated. 

Certification of powders carried out with 
the help of X-ray method on «Dron-3M» 
equipment. The sizes, form of particles of a 
powder, topography of their surface investigated on 
the raster electronic microscope of type '7SM - T", 
on the device "Superprobe - 733" and optical 
microscope "Neophot-2". Granulometric 
composition of powders determined by a method of 
calculation on optical microscope 'TviIM-7" and 
sift of a powder on standard sifter. The study of 
technological properties of a yttrium 
superconductive powder was carried out with use 
of standard techniques: bulk density, fluidity, 
compressibility f 2,3 ]. 

In the present work the basic methods of 
reception single-phase UTS of powders of system 
Y-Ba-Cu-O: a chemical method, ceramic 
technology, method of explosive compression are 
considered. 
At manufacturing yttrium HTS of powder on 
chemical technology as  initial  components used 

water solutions: nitrates of yttrium Y(N03)ji and 
copper Cu(N03)2 and hydroxide of a barium 
Ba(OH)2, precipitator - hydroxide of a potassium 
KOH. At reception of a powder HTS ceramic 
method and method of explosive compression as 
initial components chose of yttrium Y20,, copper 
CuO and barium BaO oxides. 

At use of ceramic technology the initial 
components carefully mixed and have annolen at 
temperatures 150 - 400 °C i 800 °C during 4 - 24 h. 
Thus through everyone 4 h of an annealing a 
synthesized charge repeatedly mixed and sifted 
through a sieve. Thus, line of interannealings. 
millings have allowed to receive a homogeneous 
powder with a high yield ratio 85-100 % basic 
HTS phases YBa2Cu307^ 

At use of chemical technology the 
ambassador a joint deposition of a yttrium and the 
coppers as hydroxides Y(OH)3, Cu(OH)2 in 
received washed from intermediate products of 
reaction a deposit, entered stochiometric amount of 
soluble connection of barium as a water solution 
Ba(OH)2. The received mix have steamed up to a 
thickening, dried up to constant weight, carried out 
the appropriate heat treatment. 

At use of technology of explosive 
compression the initial components mixed in the 
ratio, providing ambassador of heat treatment 
formation of a superconductive phase YBa2Cu307.5 

and added the condensed explosive substance. 
After explosion the powders separated in 
depositings tank and on a centrifuge, dried in air at 
temperature 350 °C during 0,45 - 1 h. The 
optimum and restrictive parameters established 
experimentally. The bottom limit of concentration 
of a mix in explosive substance - 15 %, top - 40 %. 
Is established, that during explosive compression 
of an initial powder mix the superconductive phase 
"123" is not formed. Therefore received powder 
passed heat treatment on a mode: the first stage - 
T- 920 - 950 °C, t - 6 h, the second stag~e - 
T-350°C,t-10h. 

Is shown, that the powder made by a 
chemical method, consist from finc-dyspersated 
particles, which formed conglomerates of the 
different sizes. The particles of fineer fractions 
have filled space between large conglomerates.. 
The  particles of a powder received on ceramic 
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technology, represented polyhedrons with the 
precisely expressed edges. Their surface smooth 
also lias small quantity of ledges. As a result of 
explosive influence are formed nanopowders, 
which form conglomerates of the different sizes. 
The form of such particles is close to spherical. 

Is established, that at comparison of 
technological properties of the investigated 
powders, the powder received on ceramic 
technology, has the highest fluidity for the given 
class of materials. The presence of different 
fractions provides high enough density of stacking 
owing to filling with fine particles of emptiness 
between large conglomerates, as determines high 
enough for the given class of materials bulk weight 
- up to 3,4 g/snr\ 

Powders received on a chemical method 
are fine-dyspersated. Due to presence of a plenty of 
ledges, accrete of a particle, complicate an 
opportunity easily to slide and to move in a mix. 
The fluidity and bulk weight of such powder is 
much lower, than powder received on ceramic 
technology. It is experimentally revealed, that the 
presence of a fine fraction (> 16 %) considerably is 
worsened fluidity of a mix as a whole and reduces 
its bulk weight. 

On technological properties the powder 
received by a method of explosive compression, 
differed from other investigated powders. This 
powder very friable. It is easy crumble up to fineer 
fractions. Besides it is necessary to take into 
account, that the formation of structure "of a 
explosive" powder passed in conditions of a shock 
and detonation wave, (t < 10"10s). In these 
conditions arise high imperfect structural condition, 
which influence on the basic physics and chemical 
characteristics of yttrium HTS powder. Though the 
particles of this powder are close to spherical, and 
bulk weight of spherical particles high enough and 
can change from 53 up to 74 %, determine fluidity 
"of a explosive" powder it was not possible. The 
advanced structure of spherical particles 
complicates drain of a powder from a funnel. 

For researched powders the factors of 
fluidity were designed and the limits of a 
formability are established. Estimated a formability 
by definition of the minimal pressure of pressing at 
which pressed sample was not scattered, and edges 
remained steady, maximal - before occurrence of 
cracks or exfoliation in a sample. 

Is shown, that the powders received by a 
chemical method and a method of explosive 
compression to be formed better, than powders 
received on ceramic technology. These powders 
begin  to be compacting at pressure of pressing 

lT/sm2. "Ceramic" powders begin to be 
compacting at pressure of pressing 1,5 T/sm , 

At a good formability of a powder not 
always it is possible to receive a final product with 
high density. 

The dependence of porosity of samples 
from HTS materials from specific pressure of 
pressing is investigated. 

Is established, that "the ceramic" powders 
are condensed better, than other investigated 
powders. "The explosive" powder has low- 
compacting. At specific pressure of pressing 
8 T/sm2 the porosity in briquettes "of a explosive" 
powder is equal - 18 %. At specific pressure of 
pressing 6 T/sm2 the porosity in briquettes of 
"ceramic" powder is equal - 17 %. 

As a result of work the conclusion is made, 
that the physical and technological properties of 
powders on the basis of a phase "123", different 
technologies, received at use, of their 
manufacturing, influence properties of the pressed 
preparations. The powders consisting from fine- 
dyspersated of particles with an advanced surface, 
are form better, than large-dyspersated powders. 
However at pressing they are w-orse condensed 
also density of the pressed briquettes from these 
powders below. 

From received yttrium HTS of powders the 
targets for sputtering of films were made. The 
superconductive properties are investigated. 
Temperature of superconductive transition is 
Tc= 89 - 92 K, width of superconductive transition 
isATc=4-5K.. 
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MELT-SINTERING PROCESSING OF HYDROXYAPATITE 
BIOCOMPOSITES 
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Use of biostuffs in practical medicine for 
regeneration of defective fields of an osteal tissue 
presents them series of the demands: 

1) biocompatibility of a biostuff with an 
osteal tissue, i.e. absence of negative responses of 
an organism by the way of inflammatory processes 
or casting-off; 

2) availability of porous frame for an 
acceleration of processes of an intussusception of a 
new osteal tissue in a stuff of an implant; 

3) mechanical hardness comparable to 
hardness of an osteal tissue; 

4) economic technology for wide use 
providing accessibled prices of implants. 

The first development of biostuffs on a 
basis hydroxyapatite show, that they quite answer 
the above indicated demands. Thus among the 
most perspective biostuffs there are composites on 
the basis of biological hydroxyapatite[l]. 
Biological hydroxyapatite - closed-grained stuff, 
which represents a mineral of a bone and can be 
utilized for deriving composites by the way of 
particles of the different dimensions with a natural 
porosity. Biological hydroxyapatite can be utilized 
in technological processes together with organic 
amounting (native bone) and without it (trademark 
"Osteoapatite"). At deriving biostuffs by the way 
of separate particles can be utilized "Osteoapatite" 
in the particles which have saved a natural 
porosity. 

For rising mechanical hardness of separate 
particles was utilized their interaction with low- 
melting glasses based of oxides of silicon, sodium 
and boron in process a melt-sintering. 

The technological process of deriving of 
composites consist of two stages with temperatures 
of a preliminary and final sintering Ti and T2. 
Temperature of a preliminary sintering T] were 
varied in limits 750-1300 °C. Temperature of a 
final sintering T2 was saved invariable and did not 
exceed 800 °C. The time of a preliminary sintering 
also was varied in limits from about 0,25 till 2 
hours. 

The dimensions of particles of row mixture 
before a preliminary sintering did not exceed 160 
micron. And the dimensions of particles of row 

mixture before a final sintering had different limits. 
For a final sintering samples formed by a method 
of cold pressing by the way of cylinders by a 
diameter 6 and 15 mm. 

If into structure of row mixture was 
introduced biological hydroxyapatite by the way 
"Osteoapatite", the obtained samples of ceramics 
had mainly white color, sometimes with shades. At 
introduction biological hydroxyapatite by the way 
of native bone the obtained samples of ceramics 
had mainly grey color of different intensity. 
According to results of a chemical analysis in 
white samples of composites obtained on different 
technological regimens, the general common 
carbon content did not exceed 0,1 % (mas.). For 
grey composites the general common carbon 
content was in limits 0,06-0,21 % (mas.). Fixed, 
that after a preliminary high-temperature and short- 
term sintering in structure of mixture of 
composites can contain more than 12 % (mas.). 
Carboneum, which is significant decreases as a 
result of a final sintering. However, the residual 
amount of Carboneum also causes grey color of the 
obtained composites. 

As the basic parameters of composites 
were are chosen pycknometric density, total 
amount of pores and mechanical compression 
hardness (table 1). 

As it is visible from the table, white 
samples of composites with high temperature of a 
preliminary sintering (are higher 1000 °C) have the 
least porosity and maximum mechanical hardness. 
It is stipulated by various character of interaction 
biological hydroxyapatite with glassforming oxides 
at high and low temperatures of a preliminary 
sintering. At enough high temperatures low- 
melting oxides of a sodium and boron take part in 
interaction not only with oxide of silicon, forming 
a liquid phase, but also with surface layers 
particles biological hydroxyapatite. And at low 
temperatures there is mainly formation glass phase, 
which by the way fluid amounting inpours between 
grains biological hydroxyapatite, clamping them 
thus. It is possible, that the process of penetration 
of a liquid phase between particles of a solid phase 
at high temperatures is more intensive, that results 
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in the greater strengthening of samples in a final 
phase of a sintering. In case of introduction 
biological hydroxyapatite by the way of native 
bone in fusion mixture of composites there is a 
transformation of an organic component to 
Carboneum at a stage of a preliminary sintering. 

Table 1. Some parameters of composites 
keeping(45-50) % (mas.) biological hydroxyapatite 

a) white samples of composites 
Parameter T,=1150°C T,=1300 °C 

Density, g/snr1 2,750-2,770 2,690-2,710 

Volume of 
pores, % 

20-43 15-20 

Hardness on 
compression, 

MPa 

20-95 122-173 

b)gre y samples of composites 

Parameter 
Ti=900 °C T,=1100°C 

Density, g/snv* 2,745-2,750 2,508-2,585 

Volume of 
pores, % 

50-58 31-32 

Hardness on 
compression, 

MPa 

36-37 61-87 

At the following stage there is a burnup of 
Carboneum, that results in formation of the much 
greater formation of an amount of pores in grey 
samples of composites in comparison with white. 

Thus, we guess, that the process of 
building of composites descends including liquid 
phases, which is saved before the terminal of a 
sintering. Therefore termination products remain 
diphasic, keeping a crystalline phase biological 
hydroxyapatite and amorphous glass phase. The 
ultimate analysis of samples structure specifies 
availability of ions of calcium, phosphorus, silicon 
and sodium both in glass phase, and in crystalline 
fields with predominance of ions of silicon and 
sodium in glass phase. At high temperatures of a 
preliminary sintering such allocation of elements in 
different fields of composites confirms, that the 
process of particulars dissolution and depositions 
glass phase on a surface of particles of a crystalline 
phase biological hydroxyapatite takes place. 

At low temperatures of a preliminary 
sintering this process demands the considerable 
temporary costs in case the mass amount glass 

phase considerably exceeds an amount biological 
hydroxyapatite in structure of composites. At a 
short-term low-temperature sintering the process of 
strengthening is not finished completely, the 
sample form is in this case lost. 
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It has been known that the introduction of 

carbides of some transition metals into titanium 

carbide, which is a component of hard alloys, 

causes the comminution of the structure and 

provides high values of hardness, wear 

resistance, and resistance to deformation. 

The temperature of formation of titanium 

carbide-based solid solutions is about 2000 °C. 

Since further application requires highly disperse 

powders of the solid solutions with a particle size 
of <0.5-l urn, prolonged grinding is used. 

In this connection, an investigation of the 
possibility of the formation of the titanium 

carbide-based solid solutions at lower 

temperatures and the development of a rational 
technology for synthesizing TiC-MeC (Me - Ta, 

Nb, and Sc) powders without grinding are of 
interest. 

In the present work, the mechanism of 

formation of solid solutions in the TiC-TaC, TiC- 

NbC, TiC-ScC systems in the process of 

simultaneous carbothermal reduction of oxides in 

hydrogen and vacuum at a carbon excess and 

during the interaction of the intermediate product 
(TiC + C^^) with oxides of the corresponding 

metals was investigated. 

The interaction was studied in die 

temperature range 1600-2000 °C. In this case, 

the carbon excess was varied in the range 10-15 
mass%. 

Mixtures were prepared by mixing titanium 
oxide with carbon black in a planetary mill at a 

speed of 4800 rev/min for 30 s in in ethyl 

alcohol. Then the mixtures were briquetted and 

heated in vacuum (temperature was raised from 

room temperature to each set value at a rate of 

100 °C/min) or in a Tamman furnace in a 
hydrogen atmosphere. 

Interaction products were assessed by 

chemical and X-ray analysis. 

According to the chemical analysis data, in 

all investigated systems, the content of excess 

carbon in interaction products practically 

coincides with its calculated content. In samples 

obtained in hydrogen, the presence of oxygen 
(0.1 - 0.7 mass %) and nitrogen (0.1 - 2.3 mass 

%) is due to the adsorption of the gases on the 

surface of highly disperse powders. The Ti02- 
SC2O3 system, in which the oxygen and nitrogen 

content exceed 4.3 and 3.9 mass %, respectively, 
is an exclusion. This can be due to the 

susceptibility of scandium carbide to binding 

oxygen and nitrogen with the formation of 

oxycarbides and oxynitrides and the high degree 

of incompleteness of the d-electron shell of 

scandium. The X-ray analysis data, indicating 

that, during interaction of the mixture of titanium 

and scandium oxides with carbon in hydrogen, a 

pronounced decrease in the lattice constant of the 

TiC-based phase takes place, confirm this 
assumption. 

The X-ray analysis data of the interaction 
products are presented in the Table. 

The reference data of the lattice constants: are as 
follows: for TiC a = 432(4) nm; for NbC a = 

0.446(9) nm; and for TaC a = 0.445(9) nm. 
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Table. X-ray analysis data of the interaction 

products with a 10% carbon excess (the time of 

reduction is 1 h) 

No Mixture 
composition 

Ti^C X-ray data, lattice 

constants, nm 

1 Ti02-Sc203 

+ C 

1700 TiC, a=0.433(3); 

ScTi<X ScTiOs 

2 the same 1800 TiC, a=0.433(7); 

ScTiOi, ScTiOs 

3 the same 1900 TiC, a=0.433(6) 

4 the same 1900* TiC, a=0.430(5); 

ScTiO,, ScTiOs 

5 the same 2000 TiC, 3=0.433(7); 

C^nh (traces) 

6 TiQp. + SC2O3 

+ C 

2000 TiC, a=0.433(9); 

Coranh (traces) 

7 Ti02-Nb205 

+ C 

1700 TiC, 3=0.433(5); 

NbC, a=0.447(5) 

8 the same 1800 TiC, 3=0.433(4); 

NbC, a=0.447(4) 

9 the same 1900 TiC, a=0.433(4); 

NbC, a=0.446(2) 

10 the same 1900* TiC, 3=0.433(4); 

NbC, 3=0.446(2) 

11 the same 2000 TiC, a=0.433(5); 

NbC, 3=0.443(2) 

12 TiQp + NbsOs 

+ C 

2000 TiC, 3=0.433(3); 

NbC, 3=0.441(5) 

13 TiC + Ta205 

+ C 

1700 TiC, 3=0.433(3); 

TsC, 3=0.446(0) 

14 the same 1800 TiC, a=0.433(2); 

TsC, 3=0.445(8) 

15 the same 1900 TiC, 3=0.433(4); 

TaC, 3=0.441(1) 

16 the same 1900* TiC, 3=0.431(0); 

T3C, 3=0.443(0) 

17 the same 2000 TiC, 3=0.433(6); 

T3C, 3=0.438(8) 

18 TiCIP. + Ta2Os 

+ C 

2000 TiC,    3=0.433(2); 

TaC, 3=0.439(4) 

According to the X-ray analysis dsts, in the 

Ti02-Nb205 and Ti02-Ta205 systems, the carbide 

phsses TiC, NbC, TiC, snd TaC form during 

carbothermal reduction in vscuum in the 
presence of the excess carbon even at 1700 °C. 

The fact that these phases are close in 

composition to the stoichiometric ones is 

confirmed by their lsttice constants, that are close 

to the reference data (TIC = 0.433 nm, 3 NbC = 

0.447 nm, TsC = 0.446 nm), snd by the shape of 

their diffraction maxima 
Beginning from 1800 °C, the formstion of 

solid solutions on the bsse of NbC snd TsC, 
accompanied by the brosdening of the diffraction 

maxima of niobium and tantalum carbides and by 

changes in their lattice constants, is noted. A rise 
in the reduction temperature up to 2000 °C did 
not result in the formation of homogeneous solid 

solutions, and only sn incresse of the process 
time enabled us to obtsin the solid solutions of 

specified composition. 
Thus, the investigation performed shows 

that the carbothermal reduction of oxides in 

vacuum in the presence of excess carbon 

proceeds via the formstion of the individual 

carbide phases TiC, NbC, and TaC followed by 
the dissolution of TiC in the crystal.lsttice of 

NbC (TaC). 
The X-ray anslysis dsts show that, during 

csrbothermsl reduction of the Ti02-Sc203 

mixture in vacuum, the formstion of the solid 

solution proceeds by snother mechsnism. In the 

tempersture range 1700-1800 °C, titanates of 

scandium and titanium carbide sre in 

equilibrium. The homogeneous solid solution 

(Ti, Sc)C with 3 lsttice constant a = 0.433(9) nm 

was not obtained 3t 2000 °C. 

♦Synthesis wss performed in s hydrogen for 2 h. 
The     subscript     i.p.     corresponds     to 

intermediate products 
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FINE BORON CARBIDE POWDERS AND WHISKERS FOR CERAMIC 

Prilutskii E.V.. Liashenko V.l., and Tkachenko Yu.G. 
Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of 
Ukraine, Kiev. Ukraine 

Boron carbide-based and B4C-containing 
ceramics are rather extensively used in industry, 
which, in turn, causes considerable demand for 
high-quality starting powders. The conception of 
high quality for boron carbide powders employed 
in ceramics includes a list of the following 
properties: 
- a high degree of dispersion of powders; 
- a narrow range of the granulometric 
composition; 
- the absence of even isolated very large particles 
(that are by an order of magnitude larger than 
medium-sized ones): 
- a small amount of impurities of incidental 
character and. those connected with the 
production of just this powder; 
- the possibility of obtaining boron carbide in the 
range of its homogeneity, i.e., with a lower 
content of bound carbon; 
- the possibility of preparing powders containing 
a specified (tens of percents) amount of 
filamentary fibers, that form a high-strength 
reinforced system. 
Conventional production technologies of fine 
boron carbide powders are connected with the 
carbothermal process of interaction between 
boric anhydride and carbon reducers of different 
origin. It has been known that the carbide 
formation process proceeds just on carbon 
particles, and their state, especially their size, 
plays a determining role. For instance, in the case 
of commercial-purity carbon, namely carbon 
black with a specific surface of 50-75 m2/g, the 
temperature of carbide formation, providing the 
completion of this process, is above 2000 °C. 
This, in turn, leads to the severe sintering of 
briquettes obtained and requires their durable 
force grinding. Due to the abrasive capability of 
boron carbide grains, the grinding process causes 
the severe contamination of the powder obtained 
by the material of grinding bodies and 
equipment. Moreover, during grinding and 
removal of contaminants appeared as a result of 
grinding, the severe oxidation of the powder is 
observed. The values of consumption of energy 
and human labor required for the grinding of 
briquettes to micron sizes and classifying the 
powder constitute 50% of the total ones in the 

production of fine boron carbide powder. 
Nevertheless, in grinding, it is practically- 
impossible to achieve a level of dispersion above 
1-0.5 urn. In the conventional process, 
filamentous boron carbide crystals, that can be an 
interesting reinforcing filler owing to their high 
strength and low density, do not form. 
We developed and tried out a solution technology 
for preparing fine boron carbide powder without 
grinding at temperatures of carbide formation 
ranging from 1600 to 1650 °C. This precise 
technology provides the monocrystalline 
structure of all grains, i.e., boron carbide 
particles, a high purity of the powder with a total 
content of impurities of no more than 5*10" 
mass %. 
It should be noted that there exist conditions 
under which boron carbide powder contains 
about 30% of filamentous crystals. Two 
morphologic types of filamentous crystals form, 
namely the plate-like (sword-like) and prismatic 
one. In our opinion, this is connected with the 
manifestation of different mechanisms of 
formation of crystals. These are: 
- the VLS mechanism; 
- the rotation of a screw dislocation. 
The ratio of the length of crystals to their 
thickness (diameter) is not smaller than 20-30. 
and, in some cases, exceeds 100. In an optical 
microscope, at a magnification of about lOOx. 
some plate-like crystals are optically transparent, 
which points to their small thickness and the 
perfectness of their crystal structure. In the 
assessment of the strength of filamentous 
crystals, the following ratio is used: the strength 
of such crystals practically approaches the 
maximum possible strength of this material and 
can constitute 0.1 of their modulus of elasticity. 
For boron carbide, this value is about 4-5 
kg/mm2. At such a high strength and the good 
wetting of crystals by the matrix material, for 
instance aluminum, the presence of even 10 mass 
% of crystals in the composition can provide a 
strength of about 400 kg/mm2 and a modulus of 
elasticity of no less than 2*103 kg/mm2. 
The use of filamentous boron carbide crystals for 
self-reinforcement in ceramic compositions of 
different application is of great interest. In such 
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materials, one can expect a significant increase in 
the crack resistance of the composition, which is 
of the utmost importance for brittle ceramics. 
Electron micrographs show filamentous boron 
carbide crystals. Their plate-like «sword-like» 
structure is clearly seen. 

- needle-like crystals of two types, namely plate- 
like ones with a width of 5-10 urn at the base and 
prismatic crystals, whose width and thickness are 
equal and ranges from 1 to 2 urn; 
•    equiaxial particles have a distribution close to 

the Gaussian distribution with a mean size of 
about 8 urn. The maximum size of particles 
is  20   um (isolated),   and the fraction of 
particles with a size of  2 um and under is 
about      5%.   A   particle-size   distribution 
obtained by the calculation of all particles on 
several visual fields with an assessment of 
their size is presented below. 

PacnpeflenBHiiE lacim? lapCiuia 6opa no pa3«epaM 

Pssuep w*nnu, it 

The electron microscopic studies of two batches 
of boron carbide powder obtained by the solution 
grinding-free method has shown the following: 
- the powder ensemble has two morphologic 
forms of particles, namely the isometric 
(equiaxial) and needle-like one; 
- the fraction of needle-like crystals over the 
surface of a thin layer (practically a monolayer of 
particles) constitutes about 30%, which, at equal 
densities of particles and crystals correspond to 
their content in the powder ensemble; 
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THE APPLICATION OF CONCENTRATED LIGHT RADIATION 
FOR DEVELOPMENT OF TECHNOLOGICAL METHODS OF THE 

HIGH-TEMPERATURE   MELTING OF OXIDE COMPAUNDS 

Frolov Alexander A., Andrievskaja Elena R., Lopato Lydia M. 
Frantsevich Institute for Problems of Materials Science, NAS of Ukraine, Kiev, Ukraine 

The elevated power optical furnace "Crystal- 
M" with xenon radiation sources was developed 
in the IPMS of NAS of Ukraine on the basis of the 
equipment described in [1]. The furnace optical 
scheme and dependence of average magnitude of 
the light energy flux density in a focal zone in 
diameter of 10 mm versus a current intensity E (I), 
are shown on fig. 1. 

E-10 'KW/M
1 

IA 
0  100 200 300 

Fig. 1. The optical scheme of furnace and 
dependence of magnitude of the average light 
energy flux density in the focal zone: 1- ellipsoidal 
reflectors; 2- xenon lamps ßKCUIPE-10000; 3- 
general focal zone of the light emitters; 4- 
dependence E (I) for one emitter; 5- dependence E 
(I) for three emitters. 

The optical furnace is consists from three 
ellipsoidal reflectors. The /IKCIUPE-10000 lamps 
are disposed in one focus of every ellipsoidal 
reflector. Thus, it is concentrates over 2 kW of 
light energy in the general focal spot of 10 mm in 
diameter. The magnitude of the average light 
energy flux density in the focal spot at 1 = 300A 
reaches E=l,4104 kW/m2. This corresponded to 
equilibrium radiation of absolute black body 
temperature Tab.b. = 4000 K. The maximal 
magnitude of the average light energy flux density 
in a focal spot of a diameter of 6 mm at 1=300A is 
E=l,6-104 kW/m2, Ta.b.b= 4100 K. 

The fusion experiments for high-melting 
oxide-coated compound, such as Hf02 (Tmeit = 
3103 K) and Zr02 (Tmei, = 2973 K) were carried 
out. It was shown that the majority of high-melting 
oxides could be melted in this optical furnace, 
under condition of the sufficiently level of a heat 
insulation of melt zone. Thus, the appropriate 
convenient laboratory installation for study of the 

high temperatures physicochemical processes was 
developed in IPMS of NAS of Ukraine. It is 
possible to develop various methods high- 
temperature treatment of materials. 

The concentrated optical irradiation has the 
following properties: locality, one side heating, 
ideal cleanliness and high temperatures. The 
developed optical furnace was used for synthesis 
of homogeneous and uncontaminated solid 
solutions by melting on the powder blends of 
starting materials. As an intensive heat removal is 
exists toward the melting layer, under one-sided 
heat in the optical furnace, the thickness of the 
melted layer for high-melting oxides can not be 
higher 0,5 - 1 mm. Therefore a variant of 
Verneil's method was used to produce the 
massive ingots. 

The upper butt-end of cylindrical samples with a 
diameter of 25 mm was pre-melted. Then the new 
portions of a powder of the same composition was 
feed to melt zone. The process was continued up 
to formation the melted layer thickness of 5 - 6 
mm on a surface of a sample. The obtained ingots 
were sluggishly cooled to ambient temperature. 
The samples without defects regions of 2 x 5 x 7 
mm were cut out from these ingots. The samples 
were used for carrying out of electro-physical and 
radiographic examinations. 

. The samples of the systems Hf02-Y203-CaO, 
Zr02-Y203-CaO, CaHfOrY203, CaZrb3-Y203, 
Hf02-Al203-Ti02, Zr02-Al203-Ti02, Hf02- 
Y203-Eu203 were obtained through the described 
manipulation [2,3]. The X-ray phase analysis data 
have shown, that reception of solid solutions by 
melting method provides rapid and complete 
homogenization of mixtures due to an intensive 
convection and major diffusion rates in a melt. 
The X-ray diffraction and chemical analyses has 
shown that the composition of the melted samples 
was not deviates from of solid solutions and 
corresponded to the initial composition of 
mixtures. 

It is necessary to underline, that it was not 
possible to produce the applicable samples for 
electro-physical investigations by another way then 
melt in the optical furnace. 
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The optical furnace was used to obtained the 
melted granules of oxide-coated materials. The 
high cleanliness of the process has allowed to 
development palletizing methods of high clear 
compounds, for example, such as Nb205 and 
LiNb03. These compounds were used for 
production of optical fiber materials and in 
microelectronics. There is interest for 
development of such processes in the technology 
of crystals growth. The problems of efficient 
filling of a crucible before the crystal growth 
process exists on the initial stage and delivery of 
raw mixture in a crucible for maintenance a melt 
level in accordance with elongation of a crystal. 
This phenomenon occurs due to contraction of a 
material volume during melting as source loose of 
a powder is in 3-3,5 times less then density of a 
melted material. 

For palletizing the material was positioned in 
focus of the optical furnace and melted under 
concentrated light flux. The fusion process was 
carried out in a crucible from the sintered powder 
of the most material due to a locality of a heating 
process. Thus it completely prevented pollution 
from an external crucible material. Then the melt 
was poured out on the palletizing cone. 

The designed palletize method of the high 
purity material have some specific features. The 
palletizing cone was manufactured from ceramics 
with protective coating from the palletizing 
material. Thus, was used a palletizing cone 
fabricated from quartz ceramics with protective 
coating from Nb205 for palletize the Nb205 melt. 
For palletizing the LiNb03 melt was 
superimposed an additional stratum from LiNb03 

on the surface of palletizing cone [4,5]. After 
accumulation, a melt was poured out on a rotary 
palletizing cone. The cooled granules were 
agglomerated in the container from stainless steel. 
The spectrum analysis of obtained granules has 
shown that the content of all controlled impurities 
remained unchanged during in palletizing process. 
The impurity concentration made about HO" - 
5-10"3 masses. % in a starting material. 

In addition to these experiments the granules 
of compounds Nb205 and CaO-Al203-CaS04 were 
obtained by pouring out melt in to water. The 
pieces of melted material blocs of irregular 
geometrical shape were obtained. This blocs can 
be used the melted coats technology. Ball-shaped 
granules were obtained at pulsing (droplet mass) 
feeding of a melt in a vessel with water. But it was 
quite difficult to provide cleanliness of process in 
this case. Therefore it is not possible to 
recommend  this   process   for  pre-treatment   of 

mixture   to   obtained   high   pure   termination 
products. 

The high cleanliness of an optical heating 
allowed us to use the developed optical furnace 
for development of protective ceramic coatings 
technology. The particular requirements to a 
substrate and a coat material for this process are 
the following: 

1 - the physicochemical properties of a 
substrate ceramics should be corresponded with 
the coat material properties; 

2 - the materials of substrate and coats should 
have the high heat resistance in order to keep the 
processing conditions in a local focal zone with 
heavy gradients of temperatures. 

This problem was successfully solved for 
protective coatings from Nb205 and LiNb03. The 
large sizes products were obtained from such 
materials by scanning a handled surface in a focal 
zone. Thus, the dishes from Nb205 by volume of 
up to 5 litres and a series of other products were 
obtained. These products have passed successful 
trials in the production requirements at 
thermochemical treatment of high purity niobium 
compounds. 
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THE ESAGE OF T1TANIEM HYDRiDE FOR THE PREPERATION WEAR 
RESISTANCE COMPOSITE COATING 

Guslienko Y. A., Luchjka JJLV., Kostenko V. K., Mectoch R, M„ 
I-Yansevich Institute for Problem of Materials Science, 

National Academy of Science of Ukraine, Kyev, Ukraine 

then I rnkm is leaded to the decreasing as B so 
TiS !2 content in coating. 

The composite electrolytic coating (CEO 
Ni-THb have beer: subjected to hear treatment in 
vacuum at various temperatures (200-1000 r'C) and 
rime of process (1-12 h). 

The studding of coatings phase 
composition and measuring of crystal gratina 
parameters at different conditions of heal treatment 
have shown that the formation of solid solution Ti 
in Ni and intermetal1i.de NriTi bad take» place at 
a!' die investigated temperatures. 

The chaining of crystal grating parameter 
essentially depend:-; on temperature and time of 
heat treatment and it usually starts at temperature 
400-500"(.YJTie microsfructure of first samples 
before ihe heat treatment have shown the uniform 
particles distribution intermetallide inclusions in 
the matrix of y-solid solution after heat treatment 
(!ig. 2). The microbarduess of coating is practically 
unchained during heal treatment arid it is found 

Lately the development of technique has 
dealt with the creation of materials with high 
temperature end composite coating with 
heterogeneous structure consisting of sue!; 
materials. The methods of the preparation such 
coatings heave been worked out at the bmiioae for 
Problem of Material Science These technologies 
have such peculiarity as simplicity, economic: the 
possibility to control of coatings thickness and 
uniformly deposition upon the part of complicated 
form 

The studding Ni-Tii-L and Ni-B-Tdk 
system prepared by the co-deposition >ri and Tiff 
or Mi. B aocl TiH2 from clorouse electrolyte of 
nickel plating. This is interesting from ihe point of 
view of formation disperse-sirengthenin:; structure. 
vvhisli have been achieved as a result of hard 
solution strengthening by means of second phase 
disperse distribution after the foilowiiig beat 
treatment. 

The main attention have bee?) paid for the 
disperse particles content in electrolyte solution/ it 
have been determined the increasing panicles 
content in coating from their increasing particle.? 
content m electrolyte solution/ As a nils this 
coneenimijon reaches some maxima! vale and then 
it changes an considerably (fig. j). Use maxima! 
amount of Tihb powder (10 % Mass.) is deposited 

about 300-400 Ka/mm* 

^ 
«f 

.-•-" 0, 

/ 
/ 

/ 

60 Tit! 

• . "film   particles coniem in Cv.C in 
from-   their   quantity   in   electrolyte dependeac: 

solution. 
when 10 gd of Tiff ponder is introduced in to 
electrolyte. The: addition of the second components 
of amorphous bmon with the particles size less 

fig. 2. ybcrosrruemte CRC Ni-'ii after 
heat treatment (400 ''Cj. ''300 . 

'The CRC N'i-B-Til-'f. best treatment at the 
temperature of eutecfic lead to the formation of 
Homework Ni.d'i-Ni/fidsi with the microhardness 
about 600-1100 kg/mm2 and the soft component 
(solid solution of borom titanium in nickel) is 
accommodated in its interval. 

The prepamtion of heterogeneous coatine 
with tire higher content of high temperature 
melting components and with the considerably 
bigger thickness (till  300-500  ndm) have been 
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achieved by the combination of two methods - 
electrolytic and electroforetic. 

The necessary structure is formed by 
means    of   definite   correlation    between    the 
components, which can be easy regulate be 
technological parameters and following heat 
treatment [2], 

The electroforetic coating have high 
porosity (about 50 % for TiH2) and law adhesion to 
foundation and therefore it demons a strengthening 
heat treatments. 

The preparation galvanoforette coatings 
(GPC) consists of a studies: !) the deposition of 
previous layer CEC Ni-B with amorphous boron 
content near 4 % mass, which thickness is easy 
regidatcd and it determines the quantity of liquid 
phase at the temperature of eutectic formation; 2) 
the deposition of phoretic layer Tiff; 3) the liquid 
phase sintering at the eutectic temperature. 
The Hiicrostructure GPC Ni - B- TiH (fig 3) has 
good correlation with the phase analyze data with 
the presence of eutectic Ni~rNi3B through the ail 
layer depth, Ni (Tl) solid solution and lines of 
intennetailide N13T1. 

The test for the determinations of relative 
wear resistance of costing has been made using a. 
special method [3], Steel 45 have been choused as 
etalon. These investigations have shown high 
coating resistance in abrasive medium. 

The corrosion testing of CEC Ni- TiH2 in 
the mediums of concentration and dilute chloride, 
sulfuric and nitride acids have shown their high 
resistance in the medium of heat treatment. 
Influences essentially on the corrosion resistance, 
which deals with the formation of solid solution Ni 

jysfjSij fee- 

Is? r>.*.       "•      - '*'S. 

#ft- 4i 
1- 

€■ 
« 

Fis. 3. Microstructure GPC Ni-B-Ti. x300 

9>\ (Ti) and decreasing of defect in coatings crysta 
structure. 

The strengthening phase NhTi increases 
the coating wear resistance and therefore such 
coating can be recommended for the protection of 
pert from wear corrosion mediums. 
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STRUCTURE AND PROPERTIES OF MAGNETRON FILMS USING 
ADVANCED COMPOSITE AIN-TiCrB2 CERAMICS 

M.A. Teplenko. A.D. Panasyuk, I.A. Podchernyaeva, N.S. Boltovets(,), V.N. Ivanov(,) 

Institute for Problems of Materials Science of NAS, Kiev, Ukraine 
(1) State plant "Scientific-research the institution "Orion", Kiev, Ukraine 

Magnetron sputtering being one of the ver- 
sion of PVD method is widely applied for coating 
deposition on tools. Hereby it is necessary to use 
wear- and corrosion resistant materials with the 
higher temperature (>700°C) and enough heat con- 
ductivity. The magnetron coatings are also applied 
in electronics to suppress of diffusion on the "coat- 
ing-substrate" boundary. The goal of this study is 
to research the structure, composition, mechanical 
characteristics and resistance to high temperature 
oxidation (HTO) of magnetron films using the 
AlN-TiCrB2 (1:1) targets manufactured by powder 
metallurgy. As substrates the monocrystalline Si, 
A1203 (110) and GaAs (100) were used. 

The magnetron films obtained were char- 
acterised by ultra-dispersion structure. The film 
phase composition may be differed from the target 
one due to A1N oxidation under conditions of ion 
bombardment during spraying even in the cleaned 
Ar environment. The main film phases were, side 
by side with double titanium-chromium boride, 
alumina and aluminum nitride. The film ultra- 
dispersion structure and high adhesion to the sub- 
strate were preserved after the HTO up to 1500°C. 
Hereby the structure reinforced with A1203 grains 
as fibres formed. The Al203-Ti02, Al203-Cr203 

and A1203-B203 solid solutions and corresponding 
ß-tialite and aluminum borates, ensuring the mate- 
rial high resistance to high resistance to high tem- 
perature corrosion, formed during HTO. The A1N- 
TiCrB^AlzOj (110) and AlN-TiCrB2/GaAs (100) 
films were thermostable up to 1000°C and had 
enough high both microhardness (30GPa) and 
toughness coefficient (3.3-4.7 MN/mM). As an 
example, the dependences of cracks length on the 
load for AlN-TiCrB2/Al203 (110) sample at differ- 
ent annealing temperatures were presented in Fig. 
The structural and phase transformations took 
place in the films at the annealing temperatures 
higher than 1000°C. Hereby the mechanical prop- 
erties was made worse (Table) and the adhesion 
strength increased. The AlN-TiCrB2 target material 
may be recommended for the deposition of wear- 
and corrosion-resistant films on tools and parts 
working under extreme conditions. 

Table 
Effect of annealing on microhardness (HM, GPa) 

and toughness coefficient (Klc, MN/m3'7) 
(tM=30 min) 

Sample A1N- 
TiCrB2/Al203 

(110) 

A1N- 
TiCrB2/GaAs 
(100) 

V) 

H, 30.0 30.0 

Kit 4.7 3.3 

o o o 

H, — 29.5 

Kic - 3.1 

© o 

H, 30.0 - 

Klc 3.3 — 

u o 
© 
© oo 

H, 30.0 — 

Kic 2.9 — 

8 
OS 

H, — 24.2 

Kic — 1.2 

V o o o 

H, 10.0 — 

Kic 1.6 — 

W=45 

300 

200 

mm. 

Um 

•-GaAs 
O-initial 
A-600°C-30min 
□_800°C-30min 
O-1000°C-45min 

200 

Fig. Dependences of cracks length on the load for 
AlN-TiCrB2/Al203 (110) sample 
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STUDY OF INFLUENCE OF BORON STATE AS INITIAL REAGENT ON 
MODE OF BORON SUBOXIDE SYNTHESIS AND ITS PROPERTIES 

Kharlamov A.I., Khotynenko N.G., Kirillova N.V.(,), Trapalis Ch.(2), Fomenko V.V.(3), 
Goydina S.V., Shatscikh C.K., Gubareni N.I. 

Institute for Problems of Materials Science NAS of Ukraine, Kiev, Ukraine 
0)National Taras Shevchenco University, Kiev, Ukraine 

(2)Institute of Materials Science, Athens, Greece 
(3)National University of Food Technologies, Kiev, Ukraine 

In the last year, growing interest to suboxide 
phases of boron could be explained regarding, 
first of all, their high hardness (diamandand 
CBN are better of some phases only) and 
lightness. In the present paper results of study of 
boron anhydride interaction with powderous 
boron of two different modifications are 
reported. The aim of the investigation is to study 
the nucleation and growth mechanisms in 
heterogeneous system of suboxide boron phase 
and find out nature of inheriting by the yield of 
properties of one of precursors, in particular, 
boron. In the investigation the most spread 
commercial powders of two modification of 
boron, black amorphous (Bam) and 
rhombohedrical (Br) were used. It is common 
practice to suppose that their difference in 
reaction capabilities is great. But the most 
important is that this two powderous borons 
were chosen because of their significant 
difference of their particles morphology. 
Characterisation of as initial boron powders as 
products of their synthesis was carried out by 
means of crystal-optical, X-Ray, chemical, 
electron microscopy and IR-spectroscopy 
methods. 

It was found out that Bam obtained through 
crecking of borines and Br obtained through 
magnium thermal reduction of B2O3 differs not 
only by the order of crystallity. Boron powders 
TEM images (fig.l,a) show Bam consist of 
homogenous in shape (like balls) particles but 
significantly various in size, diameter of which is 
from 30 to 150 nm. Specific surface (Ss) of Bam 

measured by means of the BET method 
employing an ASAP-2000M device is 9,3 m2/g. 
In IR transmission spectra of Bam the 
characteristic lines of the lattice absorption are 
absent. Powder of Bcr consist of homogenous 
enough particles in shape of splinters (fig.l,b) 
with the size of which is 0,5-1 mkm. In the yield 

there are also individual bigger particles in shape 
of rods and 3-5 mkm in length and particles in 
shape of right rectangles with size less than 
0,5mkm. Specific surface of Bcr powder is 3,4 
m2/g. Thus, initial boron reagents significantly 
differ not only in its inner structure (X-Ray, IR- 
spectra) but also apparently (dispersity and 
morphology of particles) that obviously has to 
affect on properties of products synthesized. 
Temperature and kinetic functions of B2O3 
interactions with as Bam as Bcr boron were 
investigated at 1000-15 00°C using a vacuum 
furnace with the tungsten heaters and carbon free 
crucibles. Reaction capabilities of boron 
modifications under investigation with B2O3 
were compared and studied as in vacuum as in 
the medium of inert gas by means of high- 
temperature derivatogroph. In conditions 
comparable temperature at which reactions with 
Bam starts is approximately 160 °C lower within 
all heating rates than that when Bcr was used and 
at 20 degree/min rate of heating is 1260 and 
1420°C, respectively. Temperature of the 
reaction start practically does not depend on 
nature of reaction medium but its decreasing is 
observed when rate of heating was lowered. 
Derivatograms of boron interaction with B20# 
contain two (endo- and exothermal) peaks which 
characterize B2O3 melting (T=340°C) and 
boron suboxid phase formation, respectively. 
Influence of initial boron state is performed not 
only on temperature-time parameters of B2O3 
reduction process but also on chemical 
composition of powderous suboxide boron, its 
dispersity and what is the most important, 
morphology of its particles (fig.l,c,d). According 
to results of chemical analysis, the phase with 
composition B6,30 is formed from Bam whereas 
when Bcr is used the phase of Bg^O 
composition is obtained. X-ray spectra of 
products obtained of Bam and Bcr. are similar 
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Fig.2. IR-transmission spectra powder-like 
boron (1-Bcr, 2-Bam) and boron suboxide 
(3- B650, 4- B630). 

and correspond BfiO phase. However, respect of 
relative    intensities   of   main   peaks   in    X-ray 

Fig.l. TEM and SEM (adhered) images of 
boron    powders   (a-B;m,.,   b-B„)   and 
boron suboxide (c-B(U0. d-B65()) 

patterns ol'holh piodticls is remarkably different. 
IR transmission spectra of Bfi 3O and Bf, 5O 
powders also differ when the absorption lines are 
considered (fig.2). But the most interesting fact 
is that varying in dispersity, powder-like B0 3O 
and B(, 5O are remarkably different when their 
particles surface morphology observed. 
Moreover, morphology of both products 
particles clearly enough resembles morphology 
of appropriate initial boron reagents, for 
example. B(, 3O particles are a bit circular in 
shape. It is worth noticing that some of Bf, 3O 

particles have passing through hollows which are 
of right shape. 

1 hermostability in air of B;im. Ba. B0 }(> and 
Bf, 5O investigated in non isothermal mode 
testifies on considerably higher temperatures of 
boron suboxide oxidation. It is that B0 5O 
oxidation occurs at temperature as low as 535°C". 
whereas Bf, 3O is already oxidized at 'l=445°C. 

lhercfoie. obtained results undoubtedly proves 
that boron suboxide also gets in some extent the 
reaction capability of initial boron, when 
inheriting the morphology of initial boron during 
pioccss of its s\ nthesis. 

l;U1 
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STRUCTURE AND PROPERTIES OF RAPIDLY COOLED FIBRES 
PRODUCED BY EXTRACTION FROM A MELT OF METALS 

Smetkin A.A., Haidarshin A.F. 
Research Centre of Powder Materials Science, Perm, Russia 

Development of materials of fibrous structure 
causes the huge interest due to an opportunity to 
combine physical and mechanical properties into 
complex unusual for other materials. 
Representing one of traditional objects of powder 
metallurgy the materials made of metal fibres 
surpass the powder materials almost in all 
parameters, they are much stronger then powder 
materials both in pressed and in sintered condition, 
and their plasticity and the resistance to impact 
loads much higher compared to similar powder 
materials. 
As to producing the metal fibres, the greatest 
attention of the researchers is attracted to various 
methods of Melt-Quench Solidification (MQS) due 
to an opportunity to form disperse structure or 
amorphous condition in materials and control their 
properties. 
Method of Melt Extraction from Suspended Drop 
(SDME) with electron-beam heating was used in 
the present work for producing the rapidly cooled 
fibres from pure Al metals (A99 purity), Ni (HI), 
BT3-1 titanium alloy, D16 and 12X18H9 alloys. 
In this process the metal filament is extended from 
a drop hanging freely at the end of melted core of 
initial material, by edge of rotating disk- 
cry stall izer. 
As a result of an extraction, the rapidly cooled 
product is formed as continuous and discrete 
fibres. 
Cooling rate of the process is about 105-106 °C/s. 
It has been established that, when extracting on a 
copper disk-crystallizer with 60° angle of 
sharpening, the cross section of rapidly cooled 
fibres has a shape of segment. 
Structure of aluminum and nickel fibres is shown 
in figures 1-2. 
The structure of rapidly cooled fibres of BT3- 
1 alloy has a dendritic pattern and consists of 
martensite-like alpha- and beta-phases (fig. 3). 
Depending on extraction process parameters the 
size of cross section of a fibre was in average from 
120 up to 40 microns. 
The  ultimate  tensile  strength of the recovered 
fibres has been determined. 
The results are shown in the table 1. 

Fig. 1. Microphoto of cross section of Al-fibre 

Fig. 2.   Microphoto of cross section of Ni-fibre 

Fig. 3.   Microphoto of cross section of Ti-fibre 
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Table 1 - Diameter and ultimate strength of rapidly 
cooled fibres 

Material Fibre 
diameter 
d, micron 

Ultimate 
strength 
o„ MPa 

Nickel 86 434 
Aluminum 66 61 
me 123 118 
BT3-1 55 578 
12X18H9 49 280 

It has been experimentally determined, that the 
reduction of effective diameter of formed fibres (d) 
depends both on increase of linear speed (v) on a 
Disk-Crystallizer (DC) surface (Fig.4), and 
configuration of the working edge of disk. 

140 

120 

100 

80 

60 

40 
8 16 20 12 

v, m/s 
Fig.4. Dependence of Ti-fibre thickness on surface 

speed of disk-crystalliser 

When   increasing   the   speed   of bar   feed   into 
extraction zone and reducing the linear speed on a 
DC surface the cross section gradually gets a 
crescent-type form. 
Thickness change of fibres  on their length is 
characteristic that resulted in caterpillar shape (fig. 
5) 
This feature is explained, on the one hand, by DC 
radial and axial runout, and, on the other hand, by 
properties of a melt. 

Fig.5. Appearance of AI-fibre 

The recovered rapidly cooled metal fibres are a 
basis for the further manufacturing of filtering and 
composite materials having special properties. 

The work has been performed in accordance with 
the theme of the RF Ministry of Education TOO- 
5.3 -2904 Grant. 
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SYNTHESIS OF NANOCRYSTALLINE Zr02-X MOL.% Y203 POWDER 

Kobvlinska O.V., Labunets T.F., Karpetz M.V., Ragulya A.V. 
Frantzevich Institute for Problems in Materials Science, Ukrainian National Academy of Sciences, 

Kiev, Ukraine 

Zr02 -based powders are usually undergone 
calcination at high temperatures ~ 600-1000 °C. 
However, this results in hard agglomeration and 
particle growth [1]. From DTA data it was found, 
that the crystallization of the amorphous 
precipitate has occurred at temperatures higher, 
that 400 °C . 

This fact allows decrease the annealing 
temperature compared to conventional 600 °C 
and, therefore, more flexible size and strength 
control of agglomerates. The volume ratio of 
tetragonal (t) to monoclinic (m) phases in the 
partially stabilized zirconia drastically depends on 
particle size and concentration of dopant [2]. 

The present study is about particle size control 
during low-temperature crystallization of 
amorphous zirconia doped by yttria. Nanosized 
powders of yttria stabilized zirconia have been 
obtained by co-precipitation and following 
calcination. The range of dopant concentration 
was selected as (1,2 and 3) mol.% Y203. 

The zirconyl chloride octahydrate and yttrium 
oxide were selected precursors for this method. 
Both compounds were dissolved in HC1. The 
detailed procedure can be described with the flow 
chart presented in Fig 1. 

The precursor solution was added dropwise 
to an excess of a 25% ammonia solution 
(dissolved in ethanol) at pH=9. This method is 
called the "chloride" method [3]. The obtained gel 
was then thoroughly washed with water/ammonia 
mixture with a gradually decreasing amount of 
ammonia to remove Cl" ions. Subsequently, free 
water was removed by washing with ethylalcohol. 
The replacement of water by ethanol significantly 
lowers the capillary forces acting on the gel 
during drying. Furthermore, ethoxygroups attach 
to the surface of the hydroxide-particles and 
prevent the formation of strong interparticle bonds 
during caltination [4]. The gel was dried in air for 
15 h at 130 °C and calcined at 450 °C for 2-3 h. 

The crystallization of amorphous precipitate 
was studied by differential thermal analysis 
(DTA), thermogravimetry (TG) (Derivatograph 
Q-100). True concentration of impurities in the 
calcined powder was carred out by luminescent 
spectroscopy. 

Ethanol Solution of metal 
chlorides in HC1 

Starting solution 

i 

Hydrolysis in excess ammonia (dissolved in 
ethanol), pH=9 

I 

Gelatinous precipitate 

I 

Washing with water/ammonia mixtures 

I 

Washing with ethanol 

I 

Drying (130 °C) 

4 

Calcination (450 °C) 

I 

Powder 

Fig. 1 Flow chart of the synthesis of yttria doped 
zirconia powders. 
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BET and X-ray diffraction in Cu Ka radiation with 
Ni filter were used for powder characterization. 
DTA has revealed that the crystallization occurs 
in the temperature range of 415-425 °C at heating 
rateoflO°C/min. 

The impurity content was as follows: 
Fe203 * 0.001 %, MgO * 0.0001 %, 
Cu203* 0.001 %, Cr203 * 0,0001 %, 
Si02 * 0.1% and B203 traces. 

A specific surface area of the as-crystallized 
powders was around ~ 100 m2 Ig. Tetragonal 
zirconia doped with 3 mol.% Y203 was found to 
remain stable in the temperature range of 450 - 
1200 °C. Zirconia doped by 1 and 2 mol.% Y203 

contained 48 and 19 vol.% of m-Zr02, 
respectively. The m-Zr02 volume increases with 
annealing temperature and duration, due to 
particle size increase on heat treatment of as- 
crystallized powders. 
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COMBINATION OF SHS AND MECHANOCHEMICAL ACTIVATION FOR 
NANOPOWDER TECHNOLOGIES 

Grigorieva T.F., Korchagin M.A., Lyakhov N.Z. 
Institute of Solid State Chemistry SB of RAS, Novosibirsk, Russia 

Mechanochemical synthesis and mechanical 
alloying are in wide use as experimental methods 
for production of highly dispersed powders and 
nanocomposites. Using mechanical activation we 
have managed to prepare the nanocomposites in 
immiscible systems such as Cu-Bi, Fe-Bi, Fe-In. It 
is possible to get supersaturated solid solutions in 
many other intermetallic systems (Cu-Ga, Cu-In, 
Cu-Sn, Ni-In, Ni-Bi, Ni-Sn, Ni-Ge, Ni-Al). But 
from technological point of view mechanical 
activation put a lot of problems which can not be 
easily solved. The most difficult are the low 
productivity of techniques available now, and the 
contamination of products thus obtained by the 
materials of mills. The energy consumption 
should also be taken into consideration in some 
large scale processes. One of the alternatives to 
mechanochemistry may be self propagating high 
temperature synthesis (SHS) which is energy 
saving and can be applied to a large scale 
production of many intermetallic compounds or 
complex oxides (nitrides, carbides). Nevertheless, 
this method include combustion stage which 
requires the very high temperatures. As a result 
the final products can be obtained only in the form 
of dense sintered or solidified products when SHS 
goes through the melting of reagents and/or 
products. To transform such products into 
commercially interesting powders one need to use 
milling as an unavoidable step. The grinding leads 
to a contamination again and to additional energy 

consumption which may be comparable with that 
which is required for mechanochemical synthesis 
itself. Another disadvantage of SHS in many cases 
is a non uniform phase composition of products 
obtained due to high temperature gradients in a 
combustion wave resulting in quenching of some 
non equilibrium phases. We have applied a 
preliminary mechanical activation to some SHS 
reactions. It has been shown that a very short 
mechanical activation of mixtures capable to react 
in SHS regime, provides a significant acceleration 
of combustion wave propagation and, at the same 
time, a decrease of the maximum combustion 
temperature. At some activation conditions the 
maximum temperature of SHS may be as low as 
no one component of reactive mixture is melt. 
This leads directly to a finely dispersed 
(nanosized) powders as a products of SHS. This 
combination of two methods can be efficient for 
intermetallic compounds and for some complex 
oxides synthesis via SHS when peroxides and 
metals can be chosen as a precursors for SHS. We 
have shown also that the after SHS mechanical 
activation can be extremely useful from the point 
of view of single phase powder products 
formation. All these advantages are illustrated in 
this paper on a numerous examples such as Ni-Al 
or Ni-Ti intermetallic compounds, or synthesis of 
BaTiOs from Ba02 and metallic Ti, etc. 
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STAGE SEQUENCE IN MECHANOCHEMICAL SYNTHESIS OF 
NANOMETRIC SOLID SOLUTIONS IN METAL SYSTEMS 

Grigorieva T.F.. Barinova A.P., Boldyrev_V.V. 
Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia 

Mechanochemical obtaining of solid solutions 
in metal systems with negative mixing 
enthalpy is characterized by the formation of 
intermediate intermetallic phases. Mechanical 
alloying process (MA) in high-energy 
activators of planetary type with the 
participation of a low-melting component 
starts as follows: this component melts and 
wets the surface of solid particles; 
intermetallic compounds are formed at the 
interface. Good wetting of solid metals by 
metal melt simplifies and accelerates 
dispersing of solid metals because the liquid 
phase penetrates and gets adsorbed along 
intergrain boundaries and defects formed 
during plastic deformation in course of MA. 
The liquid metal forms intermetallic 
compounds on the surface of newly formed 
particles of a high-melting metal. Typically, 
an intermetallide with very high content of 
low-melting component is formed at this 
stage of the process; the synthesis of this 
intermetallic phase lasts till complete 
consumption of low-melting component. 

This type of MA behaviour is also observed 
in the systems with higher melting points, in 
which metals differ in their plasticity. Rapid 
broadening of diffraction reflections of a more 
plastic component and their disappearance, 
along with the formation of intermetallic 
compound with high content of this 
component, allows assuming that at this stage 
of mechanochemical mixing of the 
components the more plastic one passes into 
liquid-like state and coats the particles of less 
plastic component thus accelerating 
dispersion similarly to what happens during 
liquid metal embrittlement. 

The increase of the content of newly formed 
intermetallic compound is also observed till 
practically complete consumption of the 
plastic component; only after this, the 
formation of solid solution starts in course of 
mechanochemical interaction between the 
solvent metal and intermediate 
intermetallides. 
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PROPERTIES OF ULTRAFINE SUPERSATURATED SOLID SOLUTIONS 
OBTAINED BY MECHANICAL ALLOYING 

Grigorieva T.F., Barinova A.P., Belykh V.D., Boldyrev V.V., Lyakhov N.Z. 
Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia 

Needs of modern industry require new materials, 
both chemically inert ones and those with high 
chemical reactivity. Highly active metal and alloy 
powders are used in industry to obtain frame 
catalysts, diffusion-hardening solders, metal 
cements, materials for hydrogen energetics, and 
for some other applications. The excess free 
energy in the system, provided by the increased 
concentration of non-equilibrated defects, such as 
non-equilibrated stoichiometric defects 
(substituting atoms, vacancies) or/and plastic 
deformation defects (dislocations, intergrain 
boundaries) creates enhanced reactivity of the 
material. Mechanochemical synthesis is the most 
promising method of obtaining non-equilibrated 
phases in which both types of the above- 
mentioned defects are present. 

Supersaturated solid solutions based on copper, 
nickel and iron were synthesized in the systems: 
Cu-Sn, Cu-In, Cu-Hg, Ni-Ge, Ni-Al, Ni-Bi, Ni- 
Sn, Ni-In, Fe-Sn. 

The fact that the supersaturated solid solutions 
obtained by mechanochemical synthesis have the 
excess free energy is confirmed by calorimetric 
measurements. It is known that the ordering 
temperatures of solid solutions are usually 0.6 of 
melting point; the decrease of ordering 
temperature is promoted by high concentration of 
defects. For supersaturated solid solutions 
obtained mechanochemically, this process starts at 
much lower temperature. For example, in the case 

of the solid solution of indium in nickel, ordering 
should start at a temperature of above 600°C, 
while in the samples obtained mechanochemically 
it starts at - 
aluminium 
temperature 
respectively. 
temperatures 

460°C; for the solid solution of 
in nickel, the corresponding 
points are 700 and 300°C, 
It is typical that ordering 

decrease with increasing 
concentrations of doping element; for solid 
solutions of tin in nickel, the difference is more 
than 100°C. For the sample with the highest tin 
concentration, the heat of ordering is 7.5 kJ/mole. 
A similar correlation between the decrease of the 
temperature at which ordering starts and the 
increase of the concentration of a second element 
was observed also in the Cu-Hg system. Exo- 
effect is also increased with increasing mercury 
concentration. At 10 wt.%, it is 6.18 kJ/g, while at 
30wt.%Hgitisl8.35kJ/g. 

During annealing, all the non-equilibrated solid 
solutions obtained mechanochemically are 
decomposed to form the equilibrium phases 
characteristic of a given concentrational range of 
the equilibrium state diagram. The heat effect that 
characterized the ordering of mechanochemically 
obtained supersaturated solid solutions relates 
both to the non-equilibrium non-stoichiometry 
defects and to high concentration of inter-phase 
boundaries due to the nanometer size of the blocks 
comprising the particles of these solutions. 
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FUSIBLE UNDERLAYERS DURING DEPOSITION OF THERMAL 
COATINGS 

Kuprianov I.L. 
Institute of improvement of professional skill, Minsk, Belarus 

Relaxation of stresses, reduction of defects of 
boundary between a coating and a substrate and 
increase of adhesion strength cause grounded in- 
terest to fusible underlayers for deposition of 
thermal coatings for heavy loading applications. 

Tin, zinc, cadmium and eutectic alloy Sn-Pb were 
chosen as underlayer materials in the paper under 
presentation. Investigations were carried out on 
samples from thermal-treated carbon steel 45. 
Steel 65r (wire) was chosen as the material for 
upper coating layer. The coatings wee deposited 
by flame spraying. Investigations of structure, 
phase composition and elements distribution in 
transformation zones were carried out. Coatings 
adhesion strength was also measured. 

During spraying without underlayers micropores 
and iron oxide inclusions are clearly seen on 
boundaries, microstructure of separate big coating 
particles is not homogeneous and consists of 
martensite and products of bainite transformation. 
There are practically no pores in the transforma- 
tion zone during deposition of coatings in fusible 
underlayers. Coating microstructure with tin un- 
derlayer can be characterized by tin filling in mi- 
cro-roughnesses in the substrate material and 
forms a transformation zone with upper coating 
layer. Composition of transformation zone with 

Sn-Pb underlayer has much in common with the 
one with tin underlayer. At the same time thick- 
ness of diffusion zone in the substrate metal is 8- 
10 mkm, and in the upper coating layer - up to 20 
mkm. Thickness of pure tin layer is within the 
range of 15...20 mkm. Phase composition of 
transformation zones is characterized by a num- 
ber of iron - tin compositions. When using zinc as 
the fusible underlayer material, which diffusion 
mobility in iron is maximal, thickness of trans- 
formation zones is also maximal, and phase com- 
position is characterized by a number zinc - iron 
compositions. Thickness of non-alloying zinc 
layer is 10... 15 urn. When using cadmium as un- 
derlayer material, mutual element dissolution or 
formation of compositions were not observed, 
there is practically no transformation zone. Re- 
sults of investigations of coatings adhesion 
showed that minimal adhesion strength during 
spraying without any underlayer is 20,3 MPa, and 
maximal with Sn~Pb underlayer - 40,4 MPa. 

To summarize data of the investigations we can 
assume that metals or alloys with minimal melt- 
ing temperature (within a reasonable range) and 
maximal hardness and plasticity, higher solubility 
of substrate in the metal without intermetallide 
phase formation should be chosen as metals for 
fusible underlayers. 
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ELECTRODEPOSITION OF MOLYBDENUM CARBIDE ON THE SUFACE 
OF SEMICONDUCTORS FROM IONIC MELTS 

Gab A.I.. Uskova N.N. Malyshev V.V.(,) 

V.l. Vemadskii Institute of General and Inorganic Chemistry, NAS of Ukraine, Kiev, UKRAINE 
National Technical University of Ukraine "Kyiv Polytehnical Institute", Kyiv, UKRAINE 

It is well known that the deposition of metal- 
containing coatings on the surface of electrically 
conducting abrasive materials (silicon and boron 
carbides, zirconium and titanium diborides) in an 
efficient method of increasing its performance. 
Metallized abrasives are characterized by 
increased mechanical strength and adhesion to the 
substrate and are, therefore, consumed in smaller 
amounts [1]. 
For coating electrodeposition to be possible, it is 
important for the corrosion potential of the 
substrate to be higher than the deposition potential. 
To find out whether diamond, boron nitride, 
silicon carbide, and boron carbide can be coated 
with molybdenum carbide, we measured their 
stationary potentials relative to the Na2W04- 
0.2WO3|O2,Pt half-cell (Table 1). The deposition 
potential of molybdenum carbide is lower than the 
corrosion potential of the materials examined, 
making possible the deposition of high-quality 
coatings [2]. 

Table 1.Corrosion potentials (Ecorr) of SiC and 
B4C, and the deposition potentials (Edep) of 
M02C for the following melt composition (Wt%): 
Na2WO4(85)-MoO3(5)-Li2CO3(10). T = 1073 
K. 

Semiconductor Ecorr> v EdeD> v 

SiC -1.05-1.09 -1.35^-1.55 
B4C -l.14-a--l.17 -1.35--1.55 

In this work, investigations were carried out on the 
high-temperature electrochemical deposition of 
molybdenym carbide from ionic melts in relation 
to temperature, cathodic current density, and 
electrolysis duration. An attention was also given 
to the relationship of these parameters with the 
deposition rate and with the strength and service 
properties of abrasive materials. In 
electrochemical metallizing, grains of abrasive 
materials (silicon and boron carbides) are held in 
melts of an equimolar mixture of sodium and 
potassium tungstates with additions of 
molybdenum oxide (VI) and lithium carbonate at 

1073-1173 K under the cathodic current density 
10-200A/m2. Under these conditions electrical 
conductivity of the surface of abrasive marerials 
increases and the surface plays the role of an 
active substrate for high-temperature 
electrochemical synthesis. At temperatures less 
then 1073 K, metallizing does not take place 
because powder deposits of the molybdenum 
carbide forms. 
The extent of metallizing was determined as the 
difference in the mass of initial and metallized 
materials. Phase composition of the coatings was 
studied by means of X-ray diffractometer DRON- 
3.0 equipement. The external appearance of 
coatings and their integrity were evaluated 
qualitatively by microscopic analysis of 
specimens. The coating consists of a light-gray, 
finely crystalline, continuous deposit. Its integrity 
can be clearly seen on cleaves. X-ray diffraction 
patterns of the surface layer of specimens with 
coatings contains strong lines of molybdenum 
carbide. 
The molybdenum carbide was deposited on the 
grain of silicon and boron carbides 40 and 16 urn 
in size, respectively, at 1173 K. The extent of 
metallizing the grains depends strongly on the 
cathodic current density and electrolysis time (Fig. 
la,b). With an increase of these parameters the 
deposition rate increases. The maximum attained 
thickness of obtained coating was 5 urn. 
Tests of the grains of silicon and boron carbides 
for fracture were carried out in accordance with 
GOST 9206-81 at DA-2 equipment. The 
coefficient of the fracture load was represented by 
the ratio of fracturing loads of the metallized and 
initial grains. Capillary, characterizing the wetting 
or abrazing of materials by a specific binder, was 
determined using generally recognized procedure 
[3] from the height of water level lifting in glass 
tubes filled with initial and metallized grains. 
As the result of deposition of molybdenum carbide 
the coefficient of the fracture load of silicon and 
boron carbides grains was equal to 1.5-2.5, and the 
capillary   of   SiC   grains   increased   3.4-4-fold, 
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whereas that of boron carbide increased 2.3-2.5- 
fold. 
Thus, electrochemical metallizing of abrasive 
materials with molybdenum carbide in ionic melts 
increases the fracture load of the grains and their 
wetting. 
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Fig. 1. Dependence of metallization degree of SiC 
(1) and B4C (2) by M02C on cathode current 
density (t = 1 h) (a) and on electrolysis duration 
(ik=100A/m2)(b)T=1173K. 
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CHARACTERIZATIONS OF THERMAL SPRAYED BRONZE COATINGS 
FOR BEARING APPLICATIONS 

Ilyuschenko A.Ph., Koval V.A., Beliaev A.V. 
Powder Metallurgy Institute, Minsk, Belarus 

One of the main technical problems is 
improvement of reliability and service life of 
machines and mechanisms. Statistics prove that 
more than 80% of machines and mechanisms 
suffer failures due to worn engines working in 
friction conditions (bearings, journals, seals, etc.). 
Technical development resulting first of all in 
increasing speed and loadings for friction 
assemblies, requires introduction of new wear- 
resistant materials. That's why development of 
antifriction and wear-resistant materials and 
technologies for their production and also 
spraying of coatings on their base is an up-to-date 
problem. 

The majority of antifrictional parts based on iron 
and copper (plain bearings first of all) are 
produced by PM methods. But quite cheap 
sintered alloys based on aluminium bronze are 
also quite interesting. They may show high 
operational properties in conditions of friction at 
high loadings. 

Antifriction aluminium bronze powder material 
and plasma coatings on its base were chosen in 
the paper under presentation. 

Powder produced based on copper were studied 
according to their        X-ray-structural, 
microstructural analyses and microhardness. The 
powder was produced in the regime of 
technological combustion. 

X-ray-structural phase analysis was carried out 
with the help of general purpose diffractometer 
JTPOH-3.0 in CoKa monochrome radiation with 
automatic control device including a goniometer 
and database with software for collection, 
processing and analysis of data «X-ray» (versions 
1.0 and 2.0) and «Aist» and also a special 
software GOR for automatic investigation of fine 
structure including program for splitting lines 
«SPLITLINE» realized on IBM PC/AT. 

Results of comparative X-ray diffraction analysis 
showed that phase composition of synthesized 
powder materials is similar to sprayed aluminum 
bronze EPA)K 9-4. 

Herewith, spectra of the powder have too high 
background with tendency to increase to back 
angles. 

All lines of copper solid solution are shifted to. the 
increase of lattice parameter comparing to the 
standard, at the same time the shift increases with 
growth of the angle 2© reaching maximum on 
back angles. 

Results of the lattice parameter calculation and its 
micro-deformations showed that powder under 
synthesis is characterized by increased lattice 
parameter a=3,6483 A...3,6511 A and micro- 
deformation of about 10,03...10,78 IO-3. 

Also there was observed high shift of lines of 
copper and high background - for the second line 
- line (200) A20 reaches 0,88° and 2,77° on line 
(400), which proves of strong over-saturation of 
copper solid solution with alloying elements. 

Method plasma HanfciJieHHH on standard modes 
have received samples of coverings 

Spray optimization has been processed by APS 
technique. Powder with fraction of 50... 160 urn 
and with microhardness above 285HV50 was 
used for spraying. 

For an estimation of friction forces of coatings the 
method based on determination of torque was 
used, and its realization was carried out by the 
machine of friction 2070 CMT-1 at speed of 
sliding 0,5 m/s under the "disk - disk" circuit, at 
liquid greasing conditions. One of disks from 
thermal-treated carbon steel 45 was used as 
contrbody. A range of examined loadings 
200...1300N. With the purpose of reception of the 
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minimal error of measurements, 5 samples with 
similar parameters were tested. 

It is established, that in a range of loadings 
300...1100N even wear is observed, and the 
coefficient of friction did not exceed value 0,04, 
the temperature in a contact zone did not exceed 
60°C. To increase of loading there is give rise in 
temperature up to 100...120°C and wear is 
considerably increased. 

Thus plasma coatings from investigated material 
may   be   used   for   manufacturing   new   and 

restoration of the worn out details working in 
units of friction with constant loading up to 
1100N that corresponds low and moderate 
trybotechnical loads. Besides, these materials are 
quite interesting as structure materials and 
matrixes for composites. 
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STRUCTURE AND PROPERTIES OF A1203 AND Al203+Cr203 COATINGS 
DEPOSITED TO STEEL 3 (0.3wt.%C) SUBSTRATE USING PULSED 

DETONATION TECHNOLOGY 

Poffrehnjak A.D.(1), Tyurin Y.N., Zadkevich MX. 
Paton Institute of Electric Welding, Kiev, Ukraine 
0 institute of Surface Modification, Sumy, Ukraine 

Coatings of aluminum oxide, which afe 
produced by gas-thermal, plasma detonation 
deposition find their wide application due to their 
high wear resistant, corrosion resistant, heat 
protecting, electro-isolating, etc. properties. When 
the powder A1203 is deposited by the plasma- 
detonation way, it undergoes phase 
transformations, which ratio depends both on the 
characteristics of initial material, and on the way 
and conditions of deposition, substrate 
temperature, the thickness of the deposited layer, 
the velocity of the incident plasma jet, its 
temperature, and, probably, other factors. In this 
connection, the servicing characteristics of the 
aluminum oxide coating seem to be determined by 
a quantitative content of various modifications of 
A1203 in it. As is known, in the process of 
exploitation under high temperatures, the phase 
composition may change. Therefore, one may 
assume that this change of phase ratio may 
influence the protecting properties of aluminum 
oxide and, naturally, affect the life of these 
coatings. 

Modern techniques of deposition of high 
quality coatings have been developing now in 
such a way that to provide high rate deposition of 
materials. In spite of evident advantages of gas- 
detonation way of coating deposition, application 
of these coatings in industry is limited because the 
devices for proportioning and feeding of powders 
are complicated and there exist power limitations 
of a pulsed jet. 

This paper proposes to apply non-stationary 
detonation burning processes of combustible gas 
mixtures in the device for deposition to increase 
the pulse power. Realization of detonation of the 
combustible gas mixture in an electromagnetic 
field, which is formed between two coaxial 
electrodes in the reaction chamber seems to be an 
efficient way. 

Therefore, the purpose of the presented paper 
was to investigate physical and chemical 
properties and phase composition of coatings of 
aluminum oxide and A1203 + Cr203 mixture, 
which were deposited using the plasma detonation 

technique (under high temperatures and high rates 
of the plasma jet) to the substrate of steel 3 
(0.3wt.%C). 

A plasmotron "Impulse-3"  [1] purposed to 
deposit    coatings    has    been    applied.    This 
plasmotron has a changeable pipe and a gas- 
dynamic    combustion    chamber,    where    the 
components of combustible gas mixture are mixed 
and their detonation with to 20 Hz frequency is 
initiated. Initiation of detonation is realized using 
a sparking plug, feeding of combustion mixture 
components and cooling of water are realized 
from the backside of the plasmotron through 
pipelines. Total expenditures of the combustion 
mixture  components  are  2  m2  per hour,  the 
initiation frequency being 4 Hz. The energy of 
charging unit is 400 mF under 3.5 kV voltage. 
The length of the gas-powder jet limited by the 
cylindrical pipe was 350 nm, and a distance of 
deposition was 40mm. The velocity of plasma jet 
may be given in advance, it can reach 600 m/s to 8 
km/s, plasma temperature in the jet being 2x10 
to 3 x 104 K, and the power density of pulsed 
plasma can reach 5 x 107 W/cm2. To investigate 
the element composition, we applied a beam of 
protons (1.744 MeV), using Elastic resonance on 
protons and Rutherford back scattering of He+ 

ions of 2 MeV energy. To investigate the phase 
composition   and   structure,   we   applied  X-ray 
phase   analysis   (XRD)   with   diffraction   (the 
apparatus   DRON-3,   USSR)   and   transmission 
electron microscopy with diffraction (TEM) using 
the   Electron   microscope   EM-125    (Electron, 
Selmi, Sumy, Ukraine) under accelerating voltage 
of about 125 kV. The surface morphology was 
studied   using   the   raster   electron   microscope 
(REM   102   EM,   Selmi,   Sumy,  Ukraine)   and 
Atomic Force Microscope (AFM). Hardness was 
measured using PMT-3 apparatus with a pyramid 
KNUPA,    adhesion    was    determined    using 
sclerometry   with   indention   of   the   diamond 
pyramid into a coating and its motion over it. 

Presents the schematic of RBS analysis and 
elastic resonance on protons (an angular cross- 
section of A1203 coating with a steel 3 substrate). 
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As it is seen, that the measurements have been 
performed at three different points of the coating: 
near the surface, in the coating depth, and near the 
phase boundary of the film and the substrate. The 
energy RBS spectra and elastic resonance on 
protons show an evident surface peak of C (as a 
result of resonance) in the vicinity of 1.755 MeV. 
Also, one can see steps corresponding to O, Al, 
and Fe. Stoichiometry of the ceramic layer near 
the surface, which was averaged over the 
thickness of 1.6 mm, was as Al35O53Fe0.5; carbon 
concentration was about llat.%. Near the phase 
boundary, the stoichiometry of ceramic 
composition significantly changed and was 
Al3g058Fe3. Iron concentration increased almost 
by a factor of 6, and the ratio of oxygen to 
aluminum was close to a classic one - Al40O60. Fe 
was present all over the whole thickness of 
coating, which evidenced some erosion 
(evaporation) of the electrode into the plasma jet. 
The coating, which was composed only by 
aluminum oxide, had an average density of p = 
3.9 g/cm3 (this was close to the value for a-Al203, 
i.e. p = 3.98 g/cm3). Micro-hardness of some 
regions reached 1.95 x 104 H/mm2, its minimum 
value being about 1.4 x 104 K. Measurements of 
heat conductivity of A1203 coating demonstrated a 
value of 38 W/m x K, which was close to that for 
the pure A1203 (40 W/m x K). One should note 
that the coating, which was produced from the 
mixture of A1203 + Cr203 powders, had higher 
value of hardness > (2.1 to 2.2) x 104N/mm2. 
However, the preliminary tests for adhesion 
demonstrated that under the same thickness of 
coating (about 0.8 mm), A1203 had better adhesion 
than that of the mixed one (composed of 
aluminum oxide and chromium oxide). 

A phase composition of A1203 coating, which 
was determined by TEM with diffraction, 
demonstrated the presence of such phases as: a- 
A1203; ß-Al203; y-Al203; n.-Al203; AlFe. a-Al203 

was a poly-crystal with average crystal 
dimensions of about 250 nm. Crystallites were 
without defects, had a regular cut. ß-Al203, a- 
A1203, and ; r|-Al203 were poly-crystals, 
dimensions of their crystals were from 100 to 300 
nm. A defect structure was observed inside the 
crystallites. It consisted of dislocations (as a 
contrast showed). The region of a transition layer, 
which was contiguous with the substrate, 
consisted of FeAl poly-crystals, their average 
dimensions being about 20 nm. This transition 
layer consisting of FeAl had high dislocation 
density. One also should know that because of 

high deposition rate and high temperature of the 
plasma jet being incident on the substrate, some 
discrepancy of parameters of crystal lattices of the 
coating and table values was noticed (which was 
revealed in studies of electron diffraction). XRD 
analysis of the same coating demonstrated good 
correlation of these results with TEM analysis. In 
spite of the fact that XRD information was 
obtained from a thicker layer, it was revealed that 
oc-phase constituted about 60% of coating, y-phase 
constituted about 30%, meta-stable phases as ß- 
and r|-, which could hardly be revealed in the 
XRD spectrum without special thermal annealing 
were the rest. 

Phase analysis, which was performed using 
TEM with diffraction, demonstrated the following 
phases: a-Al203; ß-Al203; y-Al203; Cr203, and 
Cr30. a-Al203, and ß-Al203 crystallites are of 
average dimensions (about 150 nm) and have no 
defects, y-phase was the region of coating with 
crystallites, which dimensions were scores of 
nano-meters (20 + 30 nm). Micro-electron 
patterns showed a ring-like structure. The regions 
of the coating containing Cr203 had crystallites of 
average dimensions of about 150 nm, 
dislocations-like defects were absent. Cr203 

regions of coatings contained very large crystals 
of 0.5 mm dimensions. 

Conclusion: In such a way, the presented work 
has shown that the plasma-detonation way of 
deposition from A1203 and A1203 + Cr203 allows 
one to produce coatings of good quality, in which 
crystal dimensions are from 20 to 250 nm. They 
consist of a-, ß-, y-, r\- phases and the transition 
layer of 15 urn thickness, which contains FeAl 
and has high dislocation density. Coatings of 
aluminum oxide are of high hardness to 1.95 x 104 

N/mm2, those of A1203 + Cr203 are of (2.1 to 2.2) 
x 104 N/mm2. Heat conductivity of A1203 coatings 
was 38 W/m x K, which was close to that of cc- 
A1203 (40 W/m x K). One should note that 
adhesion of the Steel 3 substrate with A1203 

coating was higher than that of the coating 
deposited from the mixture of A1203 + Cr203 

powders. 
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INVESTIGATION OF IMPULSE-PLASMA TREATMENT PROCESSES FOR 
THERMAL SPRAYED PROTECTIVE COATINGS 
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Plasma impulse as an energy source has its own 
peculiarities and advantages when treating a part's 
surface: 
- high concentration of the fed energy and locality 
enable to treat only the surface area of the 
material without heating the rest bulk and 
distorting its structure and properties, that results 
in minimum part's buckling; 
- high concentration of the fed energy enables to 
heat and to cool the treated bulk of the material 
with high rates, the effect period being small. As 
a result it is possible to make unique structures 
and properties of the treated surface; 
- possibility to control the parameters of impulse- 
plasma effect enables a structure regulation of the 
surface layer, its hardness, roughness, wear- 
resistance, geometrical sizes of the treated areas etc. 

The researches and optimisation of effect of 
impulses of a plasma jet on thermal barrier and 
wear-resistant coatings obtained by plasma 
spraying are carried out. The equipment for 
deriving impulses is the quasistationary high- 
current plasma accelerator in an vacuum chamber. 
The parameters of a compression plasma stream 
are: length -0.5 m, diameter in the field of 
maximal squeezing -0.03 m, velocity of flow 
stream — (1... 2)105 m/sec, temperature of plasma 
-3x104K. 

At a research and optimisation of impulse 
processing varied a distance of effects and amount 
of impulses of a cycle. The measure of 
optimisation was served required structure of 
processed coatings Zr02+7%Y203, 
NiCr+50(80)%Cr3C2, NiCr-Fe+50%SiC. The 
researches of structure are supplemented with the 
analysis of a generalised index of porosity of the 
deposited materials and crumbled hard particles of 
carbide phase at preparation microsections. The 
researches of wear-resistant coatings containing a 
carbide phase were accompanied also with 
measuring of a microhardness of materials 
sprayed and processed by plasma impulses. The 
circumstantiation    of   the    information    about 

elements of obtained structures was carried out by 
X-ray diffraction analysis. 

The results of researches display, that at 
processing the thermal barrier coating 
Zr02+7%Y203 the optimal distance of pulse- 
plasma effect is 0,52...0,56 m, optimal amount of 
impulses is 1. Thus the starting surface of sprayed 
ceramic with a developed relief is noticeably 
aligned and fissured, being disparted on large 
fragments, which size are 20... 30 urn. The 
starting structure of an oxidic coating from a 
surface acquires an aspect of the stiffened melt 
with width no more than 15...20 p.m. The basic 
phases of a powder material Zr02+7%Y203 which 
is identifying functionality of a thermal barrier 
coating are saved in last. The obtained 
transformed layer able to deform without 
destruction by alms of fragmentation of a surface 
is uniformly place on a coating closing exits of 
pores and decreasing gas permeability of a coating 
which effectiveness is increase. 

At a research of wear-resistant coatings 
NiCr+50(80)%Cr3C2 and NiCr-Fe+50%SiC is 
established, that the optimal distance of pulse- 
plasma effect for materials containing Cr3C2, SiC, 
accordingly is 0,38 and 0,40 m, optimal amount of 
impulses is 5. Thus the vitrification of a surface 
and underlying layers on whole width of sprayed 
materials is reached. The density and cohesive 
strength of sprayed materials are rises, decrease 
on 15...20 % its a generalised index of porosity 
and crumbled hard particles of carbide phase is 
argumentatives about that. Such transformation of 
structure promotes resistance of a coatings against 
mechanical destruction during friction. 

At the same time residual porosity and crumbled 
hard particles of carbide phase take place, that is 
apparently linked with fugacity of thermal and 
dynamic impulse effects (-200 p-sec). 

The comparison of the X-raygrams of starting 
powders and coatings after impulse effects 
displays that an essential modification of phase 
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composition does not happen. However intensive 
heat by impulse of plasma with local vitrification 
and superfast cooling of layer of sprayed material 
causes modification of carbide phase and increase 
of presence of amorphous phases, which, as is 
known, create premises of wear-resistance of 
coatings. More random distribution of carbide 
phase and microhardness of coatings is linked 
with application of powders with composition 
particles NiCr+50(80)%Cr3C2. To mechanical 
mixture of powders NiCr-Fe+50%SiC are 
correspond noticeable oscillations of a 
microhardness of coatings, on which surface as 
likely as not the presence of separate extended 
segments from a bonded material NiCr-Fe. The 

indicated segments with low hardness easily 
distort by contrbody of tribocoupling with 
formation of skin-tight to each other conjugate 
belts, on which the propensity to microcontact 
grip and scratch at friction is exhibited. 
Investigations are made on samples from steel 
45(1.0503), which were plasma sprayed with 
protective coatings. Spraying was made on «Plasma- 
Technik» (Switzerland) unit. The two stage quasi- 
stationary high- current plasma accelerator 
(QHPA) with coaxial system of electrodes served 
as a source of impulse effect on coatings. 
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FORMATION OF GRADIENT STRUCTURE-PHASE STATES AT 
CRYSTALLIZATION OF FERRITE STEEL DURING WELDING 

Gagauz V.P., Kovalenko V.V., Tsellermaer V.Ya., Gromov V.E., Kozlov E.V.(1), 
Konovalov S.V. 

Siberian State University of Industry, Novokuznetsk, Russia 
(1)Tomsk State University of Architecture and Construction, Tomsk, Russia 

The structure-phase state of metal forming during 
crystallization pays attention of researchers since 
it effects significant influence on mechanical and 
physics-chemistry characteristics of a products. 
The crystallization of metal in conditions of 
welding has a number of the features appreciably 
distinguishing it from crystallization of the big 
ingots. 

The purpose of the present work is the research of 
structure and phase composition of a welded 
seams of steel 09G2S with thickness >30 mm, 
used in casings of blast furnaces. 

The metallographic researches of structure and the 
phase composition of a welded seams have 
shown, that a method and a way of welding in a 
melted zone form the gradient structure having 
following characteristic features. In the centre of a 
seam the biphase structure consisting of grains of 
ferrite and pearlite is forming. The grains of 
ferrite have the anisotropy with factor of 
anisotropy k=L/D~2. The dispersion of a vector of 
a structural texture (a relative position the 
longitudinal axes of grains of ferrite on the surface 
of grinding) is rather significant and reaches 90%. 
The pearlite has lamellar morphology. Its grains (a 
volume fraction of them is of-10-15%) form the 
complex structure, settling down along boundaries 
of grains of ferrite or embracing them. The given 
zone of a welded seam is characterized by the 
slow kinetics of crystallization with the 
subsequent full division of phases into stages of 
y-»a transformation. 

The layer, adjoining to the given one, has similar 
phase composition, however the morphology of 
pearlite in it changes strikingly. The lamellar 
structure pearlite does not come to light, the 
pearlite grains are broken into colonies of the 
submicronic sizes. The interphase boundaries 
have a gear (fragmentary) structure. The grains of 
ferrite thus change a little bit. The revealed 
features of a structure-phase state of the given 
layer allow to voice the assumption about the 

incompleteness of phases division and process 
coagulation. 
The further structure formation of the steel seam 
is carried out by recrystallization of grain 
structures. The nuclei of steel recrystallization are 
formed along boundaries of initial grains. In 
process of removal from the centre of a seam the 
volume fraction of recrystallization a material 
grows, the formed grains are increased in the 
sizes. 

The transitive zone forming in the field of contact 
of melting with solid material, is characterized by 
the third type of structure consisting of large 
grains, with plates. Such structure due to the 
morphological attribute may be referred as 
widmannstatten ferrite. Pearlite in the given area 
of a material is not found out. It is possible to 
assume, that carbon available in steel, forms 
disperse particles of carbide phases which are 
settling down on interphase boundaries. Hence, 
the given area of the welded seam is characterized 
by absence of division of phases that is caused, 
obviously, by the high speed of cooling. 

The seam structure formed during crystallization 
is gradient structure - in process of removal from 
the centre of a seam the average sizes of grains of 
ferrite and pearlite, a volume pearlite fraction and 
morphology of cementite develop in conformity to 
certain laws. It is established that in process of 
removal from the centre of a seam the 
noneguilibrium degree of structures is increacing. 

Table 1. Dependence of grains parameters from 
number of a zone of a welded seam 
Parameter N° of 

zone 
a, mem b, 

mem 
c, 

mem 
1 23,5 - 15,0 
2 21,8 2,7 7,5 
3 19,7 6,8 6,2 
4 - 7,5 5,0 

The note: a - the average sizes of initial grains of 
ferrite, b - the average sizes of secondary grains of 
ferrite, c - the average sizes of pearlite grains. 
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It follows from the established dependences, that 
with increase of distance (number N of an 
analyzed zone) from the centre of a seam the 
average sizes of initial grains of ferrite and 
pearlite are decreased, and secondary grains of 
ferrite are increased. According to this, the 
volume fraction of initial grains of ferrite and 
pearlite is reducing and secondary ferrite grains is 
growing. The process of getting smaller of ferrite 
grains in a welded is caused by recrystallization to 
such effect. The thermal stresses arising in a 
material   owing   to   constrained   conditions   of 

crystallization lead to such effect. The decrease of 
pearlite volume fraction is most likely connected 
with the high density of formed interphase 
boundaries. The energy of connection of carbon 
atoms with defects of crystal steel structure 
(vacancy, dislocations) is higher than for 
cementite particles. Hence, the ferrite grain 
boundaries formed in the recrystallization process 
will be the effective traps for carbon which in 
process of cooling a material may form disperse 
particles of carbide phase. 
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FORMATION OF GRADIENT STRUCTURE-PHASE STATES AT ROLLING 
OF BIG DIAMETER ARMATURES 

Yuriev A.B., Gromov V.E., Kovalenko V.V., Kozlov E.V.(1), Plevkov A.V.(1\ Konovalov S.V. 
Siberian State University of Industry, Novokuznetsk, Russia 

(1)Tomsk State University of Architecture and Construction, Tomsk, Russia 

The armature of low-alloy steel of various diameters 
strengthened by a method of interrupted quenching 
in a stream of high-speed mills of West-Siberian 
Metallurgical Works. In a building industry during 
the process of manufacture of building and ferro- 
concrete designs is widely used. The given way of 
thermal hardening allows to make lower the 
utilization of ferromanganese and also to exclude' 
additional technological operations [1]. Thus 
building steel has structure of a natural composite 
[2]. 

The purpose of the present work is the investigation 
of the laws of plastic deformation and fracture of 
armature of big diameter from steel 18G2S 
alongside with detailed research of their defect 
structure and phase composition. 

The researched material at the certain way of 
etching of face section of rod reveals the concentric 
zones differing by a degree of etching and the 
various colors. The macrostructure and the amount 
of zones and their parameters depend on the 
diameter of armature. Zones are not equivalent on 
the sizes. As a rule, the greatest volume is occupied 
by the intermediate zone. The central and 
undersurface zones are rather insignificant and have 
the similar character. 

The metallographic structure analysis revealed the 
qualitative and quantitative distinctions in the 
structure of zones. The etching picture of 
undersurface zones is characteristic for the 
martensitic similar structure. In the central zone the 
areas of the pearlite structure are observed and we 
can see also the structure characterized by the fine 
undergrade chaotically located particles of carbide 
phases. The intermediate zone contains elements the 
both zones considered above. 

The analysis of grain structures has revealed two 
types of grains: the large grains with the sizes of 30- 
40 microns, having an equilibrium configuration of 

boundaries and the fine grains having sizes of 3-5 
microns and located along boundaries. The sizes of 
fine grains practically do not depend on a site in a 
material. The sizes of large grains grow at moving 
from a surface to the centre of a core. As it was 
marked above, the zone structure of armature 
depends on the heat treatment. The analysis of grain 
structures of the central area of samples of big 
diameters show that at thermal hardening the given 
area has ferrito-pearlite structure. 

The ferrite (C solid solution in a crystal lattice of a- 
iron) has some morphological versions owing to the 
various speed of cooling of a core from temperature 
of rolling. 

The structure formed on martensitic mechanism. On 
morphological type the given type concerns to the 
massive matrensite. It represents the crystals of ot- 
iron parallel located to each other. The average 
cross sizes of crystals are 1,5-2 microns. In one 
pack it is totaled up to 20 soparalleled crystals 
having the form of strips. Packages laying by a line 
are disordered from each other and therefore divide 
an initial grain of ferrite into some areas. In one 
grain it may be totaled on speed of cooling of a 
material at training up to several tens packages. The 
average sizes of packages are the units of 
micrometers. 

The bainite structure is close to structure of the 
above described martensite according the 
mechanism of formation and to morphological 
attributes. The bainite has the form of crystals 
(lenses) having units of microns in cross sizes the 
longitudinal - the tens of microns. The bainite 
structure is formed at the higher temperatures than 
the martensite. The mechanism of the bainite 
formation is the diffusion-shift. It results, in the 
precipitation the Fe3C carbide particles in them and 
in - the formation of the defect (dislocation) 
substructures. The density of dislocations in the 
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bainite crystals is lower, than in the martensite and 
equals to 2-3x1010cm2. The deformation strength of 
the bainite should be lower than the martensitic 
layer. 

The pearlite structure is the other type of the 
structures observed in researched steel. The colony 
of pearlite (block of pearlite) represents the ferrite 
grain with the ordered cementite particles located in 
it. In the central zone there are sites of lamellar 
pearlite, globular pearlite. In the researched steel the 
grains of ferrite, free from cementite precipitates are 
observed. In this case the ferrite grain has not 
defects, the particles of cementite as spheres or 
layers settle down in a joint of boundaries or along 
boundaries of a grain. 

Undoubtedly, that the central part of a sample was 
expoced to softer processing, than its surface. The 
sizes of particles cementite on boundaries of 
crystals a-phase grow and far range fields of stresses 
decrease from the surface. Behavior of the size of 
grains, density of dislocations and of some other 
structural and mechanical characteristics are not 
monotonously. The martensite component has the 
highest, and bottom bainite has the least strength to 
deformation. Such pearlite and the top bainite have 
the similar properties. 

The different structure of the investigated samples 
of armature steel along the section is caused by the 
action of the various mechanisms of fracture and 
leads to the formation of various structures of a 
failure. At the section there are zones with the 
various mechanisms of the failure. The external 
martensite layer shows the mixed surface of a 
fracture. The character of the fracture in an external 
layer is anisotropic one. 

It is possible to investigate in more details a picture 
of fracture on samples cut out from the separate 
layers. The martensite fracture has basically the 
viscous character. The mixed fracture is observed in 
bainite structure. Thus, from the point of view of the 
fracture physics the steel armature failure as a whole 
and the samples which have been cut out from 
separate layers, show a similar picture. 
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THE EFFECT OF MECHANICAL ACTIVATION ON THE PHASE 
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TEMPERATURE SYNTHESIS OF BARIUM HEXAFERRITE 
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Results of investigation of phase formation 
peculiarities during self-propagating high- 
temperature synthesis of barium hexaferrite with 
preliminary mechanical activation of charge 
mixture are presented. 

Mechanical treatment of reaction mixture 
(Ba02+2,4Fe203+4,8Fe) was carried out in an 
attritor at ball-powder ratio of 25:1 and 450 rpm 
using ethyl alcohol as a milling media. 

Relative importance of specific surface area and 
crystal structure defects on reaction capacity of 
charge mixture and conversion degree is discussed. 

Dependence of specific surface area of charge 
mixture on the time of its treatment in an attritor is 
not monotonous. Its increase is connected with 
prevailing of milling and deformation, and 
reduction - with agglomeration of powder 
particles. Significant increase of specific surface 
area on the first treatment stage (within the first 90 
minutes) is a result of intensive milling of brittle 
Fe203 oxides. The following growth of specific 
surface area with increase of treatment time up to 2 
hours is mainly due to plastic deformation and 
development of iron particles surface. Abrupt 
reduction of specific surface area resulted from 
development of agglomeration processes takes 
place after 2 hours of treatment. 

Comparative analysis of X-ray diffraction patterns 
after mechanical activation did not reveal 
monotonous accumulation of defects within the 
crystal volume. Non-systematic variations of 
shape, angle positions and width of reflections, as 
well as full scale, with the increase of activation 
time, prove of periodical appearing and 
annihilation of crystal structure defects. Changing 
of diffraction pattern parameters, depending on the 
treatment time, is complex describing many 
processes in operation and their mismatching in 
time. At the same time the most significant 
changes are observed for the full scales and angle 
positions of main reflections, while character of 
variations of the last is the same for all the phases, 

despite differences in their nature (brittle Fe203 

and ductile Fe). These changes characterize atomic 
offsets on the surface, disordering as well as 
adsorption and dissolution of the impurities. 
Maximum concentration of these defects is reached 
for the 2 hours' activation (minimum full scale and 
minimum reflections angle positions), which 
correlates well to the maximum value of specific 
surface area, achieved at this mode. 

The SHS process is driven by the oxidation of iron 
metal from Fe (0) to Fe (m) in BaFe12019. That is 
why fine crystal structure parameters of iron were 
investigated in detail. It should be noted that 
integral width of alpha-iron lines in the non- 
activated mixture is bigger comparing to 
mechanically treated powder mixtures. Apparently, 
it is connected with partial annealing of defects and 
some interaction between components of charge 
mixture during activation. It is obviously, from 
comparing values of physical broadening, effective 
size of crystallites (Deff. according to. Selyakov), 
relative average-square micro-deformations of the 
lattice (micro-strains) and lattice parameter of a- 
Fe, that narrowing of the lines for the 2 hours' 
activation mode is generally connected with the 
increase of Deff. at insignificant growth of micro- 
strains. It can be connected with oxygen adsorption 
on the iron particle surface and formation of Fe- 
FeO solid solution. Narrowing of the lines for the 3 
hours' activation is mostly due to an abrupt 
removal of micro-strains resulted primarily from 
precipitation of fine inclusions of interaction 
products out of alpha-iron based solid solution. 
These speculations accord well with phase 
composition investigations. 

According to the results of X-ray analysis, phase 
composition of charge mixture is very close to the 
specified but even during mixing (without 
activation) a slight interaction between the 
components is observed. The main interaction 
product is a non-equilibrium compound with 
hexagonal structure, which composition 
corresponds to Ba3Fe3205i formula. Structure of 
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this composition is close to barium hexaferrite, the 
difference is just in shortage of molecules of iron 
oxide (BaO-5,3Fe203). Mechanical activation of 
the charge mixture enables to increase significantly 
relative concentration of non-equilibrium 
hexagonal phase from 2-3% up to 10-13%, with 
abrupt growth for 3 hour's treatment. 

A synthesis product is a sinter of homogeneous 
composition with grain size less than 1 mkm. In 
accordance with X-ray analysis, the product 
consists of the following phases (in the order of 
their importance). 

The main phase formed during combustion is 
Fe304 based solid solution with magnetite structure 
and slightly lowered crystal lattice parameters a 
and d. The last feature can be connected with 
imperfection of its structure, formed in non- 
equilibrium conditions. The total content of this 
phase is about 15-30%. 

The second phase, typical for the synthesis 
product, produced from mechanically activated 
mixtures, is Ba3Fe3205,. Its content depending on 
the treatment time can vary within 3-17%. This 
composition is characterized by the low stability. 
When following heating the product within 
temperature range of 600-800°C, percentage of this 
phase reduces after minor holding. At the same 
time amorphous halo of hexagonal structure is 
observed. 

The synthesis product also contains some 
BaFei2019 in amorphous-crystal state. It is not 
identified by X-ray-analysis, as it is difficult to 
determine halo from not very intense phase against 
significantly broadened lines of the other phases. 
Nevertheless, presence of amorphous-crystal 
barium hexaferrite in the synthesis product is 
proved by transmission electron microscopy. 

It should be noted that content of BaFe204 that is 
the main intermediate phase in other processes of 
barium hexaferrite production in this case is not 
more than 10%, and its maximum percentage is 
obtained for a non-activated charge mixture. 

Finally, the SHS product can contain up to 8% of 
FeO and up to 10% of other intermediate 
compounds of Ba-Fe-0 system, in particular 
BaFeo,72Fe0,2802,64; BaFe02 5; BaFe02,78 and others, 
proving stage mechanism of barium hexaferrite 
formation, and also some quantity of non-reacted 
initial components, which, nevertheless, are 
uniformly distributed within the material volume in 
such   a   way   that   the   synthesis   product   is 

characterized by high composition homogeneity 
and quickly transforms into a one-phase hexaferrite 
during the following heating. 

To generalize the achieved results, the following 
important moments can be mentioned. 

Mechanical and chemical transformations taking 
place during preliminary mechanical treatment of 
charge mixture significantly influence the 
processes of structure- and phase-formation during 
SHS. 

Generally, the product of mechanically activated 
systems synthesis is characterized with more fine 
and homogeneous structure and contains more 
hexagonal phase than product of a non-activated 
mixture. 

Influence of mechanical activation on the phase- 
formation mechanism is obviously connected with 
formation of active centers, which are at the same 
time centers of adsorption. These centers can be 
disordered clusters of Fe (U) atoms. As the 
development of specific surface area during 
activation results in an increase of a number of 
broken bonds, density of active centers regarding 
to oxygen also increases. When achieving a certain 
value of specific surface area, abrupt 
intensification of oxidation of plastically deformed 
iron with air oxygen adsorbed on the active centers 
takes place. An experimental evidence of a 
possibility of oxidation of alpha-iron to hematite 
(Fe203) is shown. Besides, oxygen dissolution in 
the deformed iron is more than a number of 
magnitudes higher than in the cast one, resulting in 
increase of output of synthesized ferrites. 

Apart from that, in the result of solid-phase 
reactions and local melting taking place during 
mechanical treatment of reaction mixture, some 
content of non-equilibrium compounds of BaO- 
xFe203, BaO-Fe,.xO and BaOxFeOyFe203 types 
form, promoting further crystallization of ferrites 
with magnetoplumbite structure. 

At quite a high degree of disordering of initial 
components structures an amorphous-crystal 
barium hexaferrite can be formed. 

A summarized scheme of possible reaction 
pathways is discussed. 

The work was carried out under the support of 
Belorussian Republican Fund of Fundamental 
Research (Joint Russian-Belorussian Program, 
grant X99P-120). 
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SOME FEATURES OF FORMING THE DETONATION COATINGS VK-15 
IN ROTOR PARTS OF HIGH-DUTY GTES 
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Experience gained in the field of domestic and 
foreign GTEs service showed that their character- 
istics are deteriorated as time period to the first 
failure increases. One of the causes of such dete- 
rioration of GTE characteristics is the ever- 
increasing wear of parts, especially most vital 
parts such as the compressor blades and the tur- 
bine. To avoid autooscillations and ruptures, the 
compressor fan blades are equipped with the an- 
tivibration flanges that wear out in service due to 
constant contact in-between. To eliminate this 
wear-out, the compact powder VK-15 is sprayed 
on the flanges using thereby the method of deto- 
nation-gas spraying. 

Service of GTEs with operational age of up to 
2000 hours showed that the detonation coatings 
VK-15 provide sufficient resistance to wear and 
do not influence on the mechanical characteristics 
of the metal the blades are made of. In most part 
of GTEs the fan blades are manufactured from 
titanium alloys. Nonetheless, in practice a large 
number of blades with traces of wear, spallation 
of coatings is revealed as the time period of serv- 
ice increases; with increase of operational age of 
up to more than 1500 hours, one reveals very of- 
ten the blades with fatigue breakdown of flanges; 
the site of origin for such failures is at the "metal 
base-coating" boundary. 

In the course of studies, we have established that 
the detonation coatings diminish the fatigue re- 
sistance of titanium alloys by 40-60% deteriorat- 
ing simultaneously the base plasticity. Adhesion 
of coatings reached its maximum value of 120- 
160 MPa. Microhardness of coatings was also 
maximal. A decrease of adhesion value gave rise 
to fatigue resistance and plasticity in specimens 
made of titanium alloys. To provide the reliable 
serviceability of detonation coatings on GTE fan 
blades, it is necessary to ensure optimal relations 
between adhesion and strength- and plastic prop- 
erties of coatings. The above-mentioned charac- 
teristics are specified by temperature and kinetic 
parameters of detonation products. As compared 
with conventional powders, with increase of tem- 
perature and velocity of detonation products ef- 

flux, the coatings undergo significant structural 
and phase changes; most part of carbon is being 
lost and we observe brittle n-phase and intermet- 
allides; free binding cobalt is fully absent. In the 
course of studies we revealed that there occurs the 
maximum possible deterioration of fatigue resis- 
tance in the base, and also in the strength and 
plastic characteristics of coatings; structure of a 
coating is inhomogenuous. 

Decrease of temperature and efflux velocity of 
detonation products that heat up and accelerate the 
sprayed particles results in an increase of fatigue 
resistance and plasticity; the structure of coatings 
becomes more uniform and the phase composition 
also undergoes significant changes, that is, the 
content of tungsten carbide and free cobalt in- 
creases, while the number of brittle phases de- 
creases. Improvement of fatigue and plastic char- 
acteristics of a coating takes place to the largest 
degree when adhesion reaches its value of 50-60 
MPa; during fatigue tests we observe however the 
exfoliation of coatings. 

Wear resistance of coatings is influenced signifi- 
cantly by regimes of detonation-gas spraying. 
Maximal wear resistance, and, hence, GTE serv- 
ice life, is observed when adhesion reaches its 
value of 50-60 MPa. The optimal spraying regime 
is specified thus by the conditions at which the 
blades operate. The coatings that operate at heavy- 
duty conditions of fretting corrosion and cyclic 
loads on the fan blades must be sufficiently plas- 
tic, and capable to relax stresses appearing due to 
external loads. For this reason, the regimes of 
coatings spraying must provide their maximal 
plastic properties even at the sacrifice of cohesive 
(between particles) and adhesive (between the 
coating and base) strength of bonds. So, it is nec- 
essary to classify the technological regimes of 
detonation spraying using as the base the tem- 
perature and kinetic parameters of detonation 
products. In this connection, we divided the re- 
gimes of detonation spraying into "soft", 
"moderate", and "severe" regimes. 
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At "soft" regimes when deformation of sprayed 
particles and force of their collision with the base 
are sufficiently low. the number of structure de- 
fects in a coating is smaller as compared with that 
obtained at other regimes. Nonetheless, the insuf- 
ficient adhesive and cohesive bonds may result in 
coatings exfoliation and fragmentary failures at 
when coatings are used at heavy-duty conditions 
(fretting corrosion, tension, bending, and fatigue). 
At '■severe" regimes (when the temperature and 
kinetic parameters of detonation products are 
maximal in magnitude), there develop active pro- 
cesses of plastic component deformation that ac- 
company by its break-up. At interparticle and 
interlayer boundaries, a great number of hydro- 
carbon and oxide inclusions is observed; they 
make coating brittle and decrease the plasticity of 
the system as a whole. Intensive structural and 
phase transformations at "severe" spraying re- 
gimes give rise to high internal stresses; very of- 
ten, longitudinal and lateral cracks (concentrators 
of stresses and sources of failures) are being 
formed. These coatings are distinguished by high 
adhesion and hardness, low plasticity, wear resis- 
tance, cyclic strength, and resistance to crack for- 
mation. 

Most preferable seem to be "moderate" regimes; 
they ensure coatings with reasonable properties 
that make it possible to withstand effectively to 

the action of external loads. The structure and 
phase composition of such coatings occupy inter- 
mediate position, since the number of defects in 
them is larger than that obtained at "soft" regimes: 
at the same time, adhesion increases in magnitude. 
As to the "moderate" regime that makes it possi- 
ble to create qualitative coatings, it is character- 
ized by rather narrow range of temperature and 
kinetic parameters. Most stringent requirements 
are imposed on gas mixture composition, spraying 
distance, position of powder cloud, and the degree 
of filling-in the pistol gun bore by working gases. 

Long-term tests of heavy-duty GTEs and their 
service showed that detonation coatings created at 
"moderate" regimes make it possible to ensure the 
proper GTE operation. 

Based on the results of the herein-presented stud- 
ies, we revealed that coatings, that suffer for a 
very long period of time from fretting corrosion 
and cyclic loads that are inherent to operating 
conditions of GTE fan blades, must be sufficiently 
plastic and capable to relax stresses appearing due 
to external loads even at the sacrifice of decrease 
in adhesion and cohesion links. The "moderate" 
regime meets all these conditions and require- 
ments to the largest degree. The long-term test- 
bench tests and service have confirmed the reli- 
ability of the results obtained. 
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Tooth's root implants used in dentistry must 
correspond to natural dental roots by their shape. 
In this case it is possible to carry out the so-called 
«direct» implantation. Besides the implants must 
posses a rough surface with macroscopic grooves 
and threads or a porous surface. Thus, the primary 
mechanical retention of the implants is provided 
and sufficient bone in-growth is ensured for 
subsequent mechanical stabilisation. Moreover, 
the implants must have a dense core in order to 
provide the strong mechanical joint between 
dental root implant and dental crown implant. 
However, the implants manufactured traditionally 
of Ti or Ti-alloys by machining, casting or 
powder metallurgy have as a rule a homogeneous 
(dense or porous) structure. Using these methods, 
it is difficult or impossible at all to fabricate 
implants with a graded structure possessing a 
comparatively high porosity at the surface and a 
high density in the core. The aim of this study is 
to investigate the possibility of producing dental 
root implants, which almost correspond to natural 
dental roots by their geometrical, structural and 
mechanical characteristics. To achieve this aim, a 
novel processing approach based on the combined 
Selective Laser Sintering (SLS) and Selective 
Laser Melting (SLM) of Ti powders was 
suggested [1,2]. Some physical regularities and 
mechanisms of the processes formed the basis for 
the methods developed were investigated before 
[3-6]. 

The test specimens of tooth's root implants were 
fabricated by selective laser processing of Ti 
powders. In different experiments the powders 
consisted of 160-200, 200-315 or 315-400 urn 
spherical particles and 160-315 urn shapeless 
particles. Nd:YAG laser was used in the study. 
New technical approaches to produce the implants 
were suggested. These are: (a) depositing the 
powder in small discrete portions using special 
feeding systems in which the powder flow is 

initiated by means of vibration; (b) processing the 
powder layers deposited by motionless collimated 
beam uninterruptedly (during all the process of 
powder deposition); (c) varying the powder 
layers' thickness as well as laser radiation 
parameters in the course of the process. The 
experiments have been shown that both SLS and 
SLM processes can take place depending on the 
energetic contribution of laser radiation. 

The samples obtained had a rod shape with 15-20 
mm in height and 5-9 mm in diameter. The 
diameter of the sample varied by changing the 
processing parameters. The structure of the 
implant processed by SLS/SLM consisted of two 
different zones: a core having a molten compact 
structure (porosity 0-5%) and a shell having a 
sintered porous structure (porosity 40-45% and 
pores' size 100-200 urn) (Figure 1). The 
dimensions*of both porous and melted zones can 
be modified and increased by increasing the laser 
radiation power. In general, the porous zone has a 
rather homogeneous structure with a uniform 
density. 

Figure 1. Sintered/remelted structure of rod (cross 

section). Rod diameter is about 7.5 mm 

Due to varying the processing conditions it was 
possible to fabricate the samples correspond to 
alveolus in shape (Figure 2). Under certain 
processing conditions, it was possible to achieve 
and exceed the threshold compression force of 
1000 N for the part processed by laser processing 
(the  maximum  value   of real   force   for  food 
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fragmentation equal to 323 N). A further post- 
sintering of the laser-processed samples (e.g. a 
heat treatment in a furnace) resulted in the 
improvement of their characteristics. 

Figure 2. Fresh dead body sample of lower jaw with 
natural tooth, alveolus without tooth and dental root 

implant (test sample) put into alveolus (on the left) (X- 
ray photograph) 

Dental implant surgery was performed along with 
local anesthesia. The implant was placed in the 
dog jaw using a gentle surgical technique. The 
one stage implanting technique was used. One 
stage implants were placed such that the implant 
was exposed at all times after surgery. Implants 
required the expertise of two distinct dental 
professional, an oral and maxillofacial surgeon 
and the restoring dentist. The two worked together 
to customize the dental implant, treatment 
program. The standard clinical 3 months in vivo 
investigations as applied to the dogs (at the age of 
- 6 years and weighing -20 kg) showed the 
following results: all the cross sectional 
specimens possessed the advanced osseous 
structure with a conically spread bone plates and 
osteons (haversian systems). There were observed 
oriented advanced bone bridges along all the 
bone-implant interfaces as well as inside the 
porous implants' structures (Figure 3). Neither 
inflammation nor degenerative/dissolving tissue 
changes were observed at the interface thus 
proving the high rate of the implant 
biocompatibility. 

Thus, the experimental results obtained in the 
present study demonstrate clearly the feasibility of 
producing dental root implants with required 
operating properties by selective laser processing 
of Ti powders. 

Figure 3. Cross-section of bone tissue with porous 
titanium implant.x50 (a) implant globules; (b) boundary 

zone; (c) inter-globule 
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SYNTHESES OF NEW COMPOSITE CERAMIC AND METAL-CERAMIC 
MATERIALS IN COMBUSTION MODE 

Okrostvaridze P., Tavadze G., Khvadagiani A., Lekishvili K., Sahvadze D. 
State scientific-technical center "Delta", Tbilisi, Georgia 

Development of modern techniques is impossible 
without development and perfection of the 
technology of ceramic materials. However, high 
sensibility of these materials to stress 
microconcentrators as well as hard-controlled 
process of failure is impediment for large 
application. At the same time, the greatest 
achievement of the materials science in last few 
decades is a creation and application in technique 
the materials of a new class-composites. Modern 
composites, among them Composite Ceramic 
Materials (CCM), play important role not only in 
civil industry, but also in construction of different 
kinds of ammunition and military techniques, 
especially in space and aircraft branches, in armor 
productions, etc. All the above mentioned is a great 
encouragement for fast development of the so 
called "ceramic-technology". One of the most 
perspective and effective methods to obtain 
complex CCM is a technology of Self- 
propagating High-temperature Syntheses 
(SHS), which is based on a principle of maximum 
use of chemical energy of the reacting systems. 
Because of high temperatures and high speed of 
chemical transformation, SHS is attributed to 
extremal technologies; the final products 
advantageously differ from their traditional 
analogs by high values of physical-mechanical 
properties and other exploitation 
characteristics. [ 1,2] 

In the present article are given the results of long- 
term scientific technological investigations of 
SHS-syntheses of complex three-, four-, five- 
component composites. A whole group of a new 
CCM with phase constituents of refractory 
compounds TiB2, TiC, A1203, B4C, CaB6, SiC and 
etc.,and metals Ti, Cu, Ni, Co and their compounds 
NiAl, TiN, TiOOOOONi, Ti-Al was synthesized. 
New materials were obtained in the form of: 
a) composite powders; 
b) composite consolidates materials; 
c) layered   or   functional   -   gradient  materials 

(FGM). 

Where: 
1.Powder CCM were obtained  from refractory 
compounds of B4C, TiB2, A1203,  SiC, TiC of 
different dispersion (5-100mkm). 
2.0ne layered CCM, with phase constituents of 
B4C, TiB2, A1203, SiC, TiC and etc. constructed so 
that a structure of material could provide the given 
level of physical-mechanical properties. 
3.Layered CCM were constructed by the following 
structural scheme: 
- first layer - CCM from B4C, TiB2, A1203, SiC, 

TiC, Cu, Ni, Ti and etc.; 
transition   layer   from   exothermic   or   inert 
mixture; 
second layer - metal-ceramic TiB2Ti, TiCTi, 
TiAl, NiAl and etc; 
transition   layer   from   exothermic   or   inert 
mixture; 

- third layer - metals Ti, Cu, Ni and etc. 
4.FGM were constructed: 
- with symmetric distribution of the bunch. The 
FGM surface is from B4C, TiB2, A1203, SiC, TiC 
and etc; back layer - metals: Cu, Ni, Co, Ti and 
compounds: TiNi, Ni-Al, Ti-Al. Concentration of 
metal changes smoothly from surface to the other 
side. On the boundary of layered composites: 
composite ceramics, metal-ceramic, pressed by 
SHS -compacting method, the main factors, which 
define good cohesion, are metal layers, composed 
of Ni, Al, Fe, Co, Ti compounds in various 
combinations. On boundaries occur stress 
relaxations, caused by difference in CTE of phase 
constituents of ceramic and metal-ceramic layers. 
Structures of some compositions are given below: 

TiCTiBrAl203; 
B4C TiC- A1203; 
SiC- TiC- TiB2 • A1203; 
B4C -SiC • Al203NiAl; 
SiC- TiB2- Al203-TiAl; 
TiC- -Al203-NiCo; 
B4C • TiB2 ■ Al203Co;Cu;Ni; 
TiB2- CaB6- Al203Fe;Ni;Co; 
In SHS-compacted samples could be 

largely changed characteristics of: 
macrostructure-distribution of 

composition, macroscopic defects; 
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microstructures - relative position of 
phases and structures, grain structure; 

crystal structure-defectiveness, type and 
parameters of crystal lattice. 

The concentration of phase constituents in above 
mentioned compositions may be changed over a 
wide range. 

Scientific and technological bases of 
"construction" of materials with advanced complex 
of physical-mechanical properties were elaborated. 
This was achieved by "construction" of composite 
structure from refractory compound, metals and 
alloys, using correlation dependencies of the 
"technology-structure-property" and distinctive 
features of technological character. 

Synthesized powders, layered composites and FG- 
materials have better technological, economic and 
qualitative characteristics than their traditional 
analogs. 

This was achieved by: 
a) composition building of micro-, as well as 

macrostructure of multi-phase materials; 
b) realization of the SHS-technology advantages, 

such as: small energetic expenditures, high 
speed and extremity of the process, which 
provide good conditions for the formation of 
microstructure, simplicity of technological 
equipment, one-staginess of the article 
manufacturing process.[3] 

For synthesized materials correlation dependencies 
between parameters of initial burden, burning 
parameters and compacting were determined. 
Physical properties and structure of powder 
compositions; structure, morphology and phase 
composition of SHS -compacted layered 
composites of CCM, metal and functional gradient 
materials were investigated.[4] 

Physical-mechanical properties (hardness, strength, 
crack resistance, density distribution) of these 
materials were investigated. 

Some physical-mechanical characteristics of 
composites: 
- modulus of elasticity - 350-430 MPa 
- hardness of phase constituents - 200- 

4800 kg/mm2 

- coefficient of failure viscosity -10 -rl3 MPa 
- fragile strength - 2,5 -f4 GPa 
- porosity of SHS-compacting samples - 3 H-6 % 

-     cutting capacity -0,58 H-0,96 gr/min. 

High values of failure power-consuming, in 
particular, coefficient of failure viscosity Klc, 
which reaches ll-13MPam0'5 are provided by 
formation matrix type structure, during the 
syntheses of composite ceramic, strengthened 
phases, which in its turn provide effective braking 
action of a crack with dispersive elements of the 
structure and internal stresses, caused by 
differences of coefficients of Thermal 
Expansion(CTE) of phase components in fine- 
grained medium. 

Possible areas of application of SHS-composite 
materials may become: 
-for powder CCM-abrasives, abrasive pastes and 
tools, initial material for plating manufacturing of 
tool and constructive ceramic by hot - pressing and 
hot isostatic pressing methods; 
-for layer CCM, layered and FG-composite 
materials-heatproof and armor materials for 
aircrafts, materials for cutting tools, tribotechnique, 
constructive materials for new generation engines, 
engineering protection of banks and special 
transport of collections. 

Using of elaborated compositions and technology 
of their manufacturing must considerably increase 
exploitation characteristics of the articles, at the 
same time decreasing their cost on the account of 
low powder expenditure, simplicity of high 
temperature equipment and high-speed of 
manufacture process. 
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ZIRCONIUM DODECABORIDE SINGLE CRYSTAL GROWTH 

Paderno Yu.B., Layshchenko A.B., Filippov V.B., Duhnenko A.V 
I.N.Frantsevich Institute for Problems of Material Sciences of NASU, Kiev, Ukraine 

Due to their unique combination of properties, 
such as high melting point, hardness, thermal and 
chemical stability metal-boron refractory 
compounds are widely applied in modern 
technique [1-2]. Moreover, these compounds can 
be used as model materials for a number of 
physical investigations, since, for example, it is 
possible to evaluate the influence of the 
construction of the boron sublattice in borides with 
different boron content - MeB2, MeB4, MeB6, 
MeBu and MeB66 phases for a definite metal onto 
the properties of these materials. On the other 
hand, the influence of a nature of the metallic ion 
onto the properties of boride phases can be 
evaluated as well. 

For instance, the electrical conductivity of 
MeB6 phases can vary form the values 
corresponding to an insulator (CaB6) to a material 
with a typical metallic conductivity (LaB6 and 
some others). The hardness, chemical resistance in 
boride phases usually is growing with boron 
content increase. 

Recently, after the discovering of comparati- 
vely high temperature of superconductivity in one 
of the long before known magnesium diboride, the 
all boride phases, particularly not very widespread 
attracted the big attention of scientists. 

From this point of view a big interest draw the 
zirconium dodecaboride, ZrBi2. This phase was 
synthesized comparatively long ago, but the 
knowledge related to its properties, apart crystal 
structure, up today is very limited [3-6]. Moreover, 
there are very much contradictions in the question 
of the temperature range of its existence - from 
very large, including room and melting 
temperatures, to very limited one [7-8]. Massalski 
presented the constitutional diagram of Zr - B 
binary system, where it exists only between 1696 - 
2082°C and has peritectic melting character [9]. 

The fall of the crystal structure of ZrBn to the 
UB,2 type permits to suppose that its properties 
may be similar to such interesting compounds as 
YbBi2, UB12, REB12, which are characterized by 
unusual fundamental physical features, as mixed 
valence, heavy fermions, specific magnetic 
transitions etc. 

The most of physical properties research 
demand having high purity and perfect structure 
samples. Many experiments need in sufficiently 

large single crystals. For today the information 
about producing of big ZrB12 single crystals is 
absent. 

In the present work for the first there was 
studied the possibility to obtain sufficiently large 
ZrB12 single crystals using induction zone melting 
method. This technology successfully was applied 
for many boride phases' single crystals. Where as 
this method may be realized comparatively easy 
for congruent melting materials, for materials 
having incongruent melting character it demands 
some contrivances. 

The source ZrB12 was prepared by different 
using for boride synthesis methods - by synthesis 
from metal and boron, by reducing of Zr02 with 
boron or boron carbide, from the mixture of ZrB2 

and boron. All mixtures were heated in vacuum at 
temperature in limits 1500 - 1600 °C during 1 
hour. In all cases there were obtained any amount 
ZrB]2 simultaneously with ZrB2 and boron. The 
amount of ZrBn was in limits 50 - 95 %. Obtained 
materials were subjected to crucibleless zone 
induction melting in argon atmosphere. The most 
stable melting process was achieved by using as a 
source material the zirconium and boron mixture. 
It is interesting to note that just this material 
contained after sintering less ZrB12 phase - only 
near 50 %. It may be explained by the combination 
of zone crystallization and flux processes, due the 
excess of boron in material. The produced rod is 
shown in the Figure. It has diameter near 6 mm 
and up to 40 mm length. 

X-ray diffraction analyses of crushed rod 
revealed only ZrB12 phase and had shown the 
absence of any additional phases. The cell 
parameter 0.74072±5 nm is very close to the 
known value (0.7408 nm [4]). The measured 
specific density of the rod is 3.60 gr/cm3, which 
practically coincide with the computed density. 
Metallographic investigation of the cross section 
had not detected any grain boundaries; the X-ray 
epigram confirmed that obtained rod is single 
crystalline. 

There were investigated some properties of 
obtained ZrB12 single crystal. The microhardness is 
36-38 GPa, that is any more than for other MeBi2 

phases. The elastic module, calculated from 
measured hypersonic oscillations along the rod is 
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near 390 GPa, that gives the Debay temperature 
1040 K. 

'"' ''   ":- ^?ini-'^-r^i^^S & 

ZrB!2 single crystal. 
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OBTAINING OF MONO- AND BIMETAL DISPERSE POWDERS BY 
ELECTROLYSIS AND CEMENTATION 

Kimtv O.I., Sribny V.M.(1), Minakova R.V.(2), Kozak S.I. 
National University «Lviv politechnik», Lviv, Ukraine 

(1) State enterprise «Argentum», Lviv, Ukraine 
(2)Frantsevich Institute for Problems of Materials Science NAS of Ukraine, Kyiv, Ukraine 

The authors carried out works on obtaining ,of 
highly dispersed mono- and bimetallic powders in 
the aqueous solutions and medium of aprotic 
solvents. In the aqueous solutions it is investigated: 
1) the precipitation of monometallic powders by 
electrolysis with the undissolved anodes; 2) the 
precipitation of monometallic powders by 
cementation on magnesium; 3) the electrochemical 
application of coatings on the monometallic 
powders with obtaining of bimetallic; 4) obtaining 
bimetallic powders by cementation. In this case 
possibility of using of recoverable nonferrous and 
noble metals (direction 1 and 2) and obtaining the 
wide spectrum of bimetallic powders (direction 3 
and 4) was studied; 5) electrolysis with the 
precipitation of dispersed powdered metal in the 
aprotic solvents was investigated. 
1. Electrolysis with the insoluble anodes is studied 
of the nickel powder precipitation as the example. 
Accordingly to experimental dates, conditional 
dispersed nickel can be obtained in the range of ion 
concentrations of metal 0,1... 0,8 mol/1 and 
pH = 4...10 in the presence of buffer additive - 
ammonium salt. Electrolysis in the potentiostatic 
regime during a constant circulation of electrolyte 
is most technologically effective. On the base of 
nickel leaching process according to [1], 
technological cycle was proposed by following 
scheme: the leaching of metal -» the cathodic 
precipitation of dispersed powder -> the leaching 
of metal with step-by-step correction of the 
solutions for operations and their number. The 
concentration of metal in the electrolyte, 
temperature and voltage in the electrolyzer (or 
cathodic current density) are the basic parameters, 
which substantially influence on the 
electrochemical deposition of conditional dispersed 
nickel. The values indicated and the fundamental 
characteristics of nickel powder (dispersivity, 
granulometric composition, bulk density) are 
interrelated. They are amenable to the 
mathematical simulation and must take account 
into automatization of the separate stages of 
technological process. The given technological 
cycle of dispersed nickel powder obtaining, during 
the electrolysis with the insoluble anodes, gives the 

possibility to use the nickel-containing solutions, 
which are formed during processing of spent 
catalysts, electrolytes of nickel plating, electrodes 
of storage batteries, etc. To fig.l is given the 
morphology of the nickel powder, received from 
recoverable raw materials. 
2. Cementation on magnesium under the 
conditions of metal powder precipitating with of 
high dispersivity is studied. The very low value of 
the standard electrode potential of magnesium 
(E°Mg2+/Mg = -2,363 V) leads to the high values of 
current density on the micro-cathodes during the 
cementation. This favorably influences 
completeness of the deposition of metals [2] and 
obtaining the highly dispersed powders of the quite 
a number of metals. It is shown based on the 
example of electronegative (zinc, cadmium, nickel, 
cobalt, lead) and electropositive (copper, silver, 
platinum) metals that the dispersivity of powders 
strongly depends on nature of the precipitated 
metal. Its most significant characteristics are next: 
the value of standard electrode potential, 
overvoltage of its cathodic isolation and 
overvoltage of the isolation of hydrogen on its 
surface. The following regularity is revealed: the 
higher the cathodic overvoltage of the metal 
isolation and the lower the overvoltage of the 
electrochemical hydrogen isolation on its surface, 
the higher the dispersivity of precipitated of metal 
powder during the cementation by magnesium. 
The magnitudes of these two values can have more 
essential influence than the magnitude of standard 
electrode potential. Thus, during the cementation 
by magnesium of cadmium 

(E°cd2+ /cd = -0,4029V) on surface of which the 
overvoltage value of the hydrogen isolation very 
high, dispersed powders precipitate out only for the 
low concentrations of metal ions. Cobalt and 
nickel, are distinguished little from cadmium by 
magnitude of the standard electrode potential 
values, (E°coI+/ co =-0,277 V; 

E°Ni2+ /Ni = -0,25V), but these metals characterized 
by high overvoltage of cathodic isolation and the 
very low overvoltage of hydrogen isolation on 
their surface. In this case powders with the high 
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dispersivity precipitate out even from the 
concentrated solutions of metals salts. With an 
increase in the values of standard electrode 
potential the tendency toward an increase in the 
dispersivity of the precipitated metal powder under 
other identical characteristics of metal and 
conditions of cementation is observed. 
3. Obtaining the bimetallic powders of metals is 
studied on the systems Cu-Ag, Ag-Cd, Ag-Ni, C- 
Ni, W-Ni. The possibility of obtaining the uniform 
electrochemical coatings with the high adhesion is 
shown. In this case it is noted, that the last 
parameter favorably influences the ultrasonic field. 
To fig.l is given the morphology of the nickel- 
plated powder of tungsten. 
High adhesion to the base metal permits 
implementation of chemical modification of 
coatings. Thus, during the heating in air of 
bimetallic powder Ag-Cd occurs the surface 
oxidation of cadmium with the formation of 
system Ag-CdO with good adhesion phase 
boundaries. Thus, the electrochemical coating of 
dispersed powders can be used for obtaining the 
compositions with the nonmetallic components. 

Fig.l. Morphology monometallic powders Ni-W (a,b) 
and bimetallic powder W-Ni (c, d) received from 
recoverable raw materials 

Obtaining bimetallic dispersed powders was based 
on maximum by the use of second raw material so, 
as raw material for the dispersal system W-Ni 
served the tungsten-bearing raw materials of 
electric-lamp production (for obtaining the 
dispersed tungsten) and the second nickel- 
containing raw material (for obtaining anodic 
nickel). 
4. Obtaining bimetallic powders by cementation is 
in detail studied on the system Cu-Ag It is shown 
that the morphology of copper powder changes in 
the process of the deposition of silver and the 
greater it is, the higher the content of the second 
component. The uniformity of coating strongly 
depends on nature of electrolyte. Thus, in the 
complex electrolytes it is considerably higher than 
in the simple. On the base of the powders Cu-Ag, 
analysis it is noted that the cementation is effective 
in obtaining of dispersed bimetallic systems with 
the small content of the second component. 
5. It is shown that during the electrolysis of salts of 
the row of d-metals in the aprotic solvents (DMFA, 
DMAA, DMSO) the tendency toward the cathodic 
precipitation of dispersed powders even at the low 
current densities is observed. It is noted, that high 
tendency toward the adsorption of the metal: 
increased of cathodic polarization; contributes to 
the formation of new crystal nuclei, which leads to 
an increase in the dispersivity of the precipitated 
metal powder; stabilized highly dispersed powders. 
Based on the example of the cathodic precipitation 
of nickel and cobalt is shown the possibility of 
obtaining by the ultra- dispersed powders with the 
high current efficiency. Dendrites growth on the 
surface of cathode during the electrolysis in the 
aprotic solvents has local nature in comparison 
with the frontal in the aqueous solutions. Therefore 
to initial process of electrolysis with the formation 
of the crystallization centers significant influence 
has nature and state of cathodic surface. The 
distinctive special feature of the medium of aprotic 
solvents is also the absence of the hydrogen 
absorption of metal powder during their cathodic 
precipitation. 
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DEVELOPMENT OF TECHNOLOGY OF COHESION OF METALLIC 
DENTAL BODY WITH POLYMERS AND CERAMICS 

Besov A.V. 
National Technical University of Ukraine "KPI", Kiev, Ukraine 

In orthopedic stomatology a great attention is 
being given issues related to the mechanism of a 
facing cover cohesion with metallic body of a 
crown due to the wide application of polymer- 
metallic dentures. Cohesion strength of crown's 
metal achieved with a polymer facing material 
when traditional methods of denture mounting 
have been used often does not meet proposed 
requirements [1]. Moreover, the large thickness of 
traditional metal-polymer and metal-ceramic 
covers that is on order of 1.5-2 mm makes dental 
orthopedist to prepare significant volume of hard 
tissue of a tooth, which is undesirable from medic 
point of view. 

As conversion processes as well as integration of 
various branches of science develop, new 
technologies, namely, the plasma spraying among 
them, have been employed for solving urgent 
medical issues, for instance, in orthopedic 
stomatology. The plasma spraying method 
showing practically unlimited possibilities allows 
depositing high-quality covers of different 
materials regardless shape and dimensions of an 
object to be sprayed on. Nowadays, there is a 
great demand in manufacturing of high-quality 
dentures that is due to tends in patient's welfare 
and culture level growth. This put higher 
requirements on esthetics and reliability of both 
temporary and fixed dentures. Employing of this 
method permits us to make significant 
contribution to development of modern orthopedic 
stomatology. 

The present work is devoted to development and 
implementation of a plasma technology for 
retension covers to be sprayed on permanent 
denture's constructions made of metal (crowns 
and bridge-like dentures) which is followed by 
facing with polymers or ceramics. Finishing off of 
spraying modes in dependence on current of 
plasmatron, range of spraying and dispersity of 
powders used was carried out on a handy plasma 
unit electrically supplied from the ordinary main. 
Optimal spraying modes allowed depositing 
covers of nickel-aluminum, nickromium, stainless 
steel and titanium on different substrates [2]. The 
covers were up to 50-200 mkm thick. 

Bonding of a sprayed cover with a substrate, for 
example, metallic body of a fixed denture was 
realized due to mechanical adhesion of sprayed 
material particles with unevenness of the surface 
of a denture. The surface was previously treated in 
a stream of sand. Besides it, diffusion of 
components into a material of the substrate as well 
as alloying and chemical interaction of 
conjugating materials also appears to play a great 
role for cohesion. It results in formation of a 
plasma sprayed cover with characteristics and 
properties determined by conditions of the 
spraying process on a body-substrate. Plasma 
spraying is performed on both single stamped and 
cast crowns and solder and cast bridge-like 
dentures or different parts of their surface. To 
suppress color of crown's metallic body it also 
possible to carry out depositing of oxide ceramic 
covers, for instance, aluminum, zirconium, and 
yttrium. Materials such as polymers, photo 
composites, various kinds of porcelain and sitals 
are used for a body facing with plasma sprayed 
retention covers. 

Analysis of the cohesion mechanism of plasma 
sprayed covers with facing materials was made 
using results of electron microscopic 
investigations on cover structure and conjugated 
areas. Characteristics on strength of covers were 
obtained for test-samples by studying their 
bending and tension properties. Thus, significant 
growth of the surface area under plasma spraying 
conditions facilitates to improve cohesion of a 
facing cover with a retention layer of micro 
pearls. Strength of cohesion in samples was 
measured by the normal detachment method. 
Results of tests have shown that the usage of 
plasma sprayed retention layers of micro pearls 
increases strength of cohesion 3-5 times in 
comparison with traditional methods [3,4]. 
Fabricated dental crowns with plasma sprayed 
covers were investigated on resistance to 
affections of destructive loads. The value of 
destructive pressure was measured using ZIP R- 
0,5 device and a hydraulic following convenient 
methods. Tests showed crowns remained stable 
under load ranging from 6 to 260 kg that exceeds 
the required Denis's chewing efforts value [5]. 
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New technology of manufacturing of both fixed 
and temporary dentures based on the plasma 
spraying of retention covers of various 
Stomatologie materials (metals, alloys and 
ceramics) was developed. Technological 
investigations of the plasma spraying process and 
its further optimization in purpose to apply for 
different stomatological items were carried out. 
Physical-mechanical properties of plasma sprayed 
covers were investigated. It was shown that the 
technology developed provides tighter cohesion of 
plasma covers with material s of a body as well as 
facing covers. 
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K BOnPOCy O nPOH3BO#CTBE nOJiynPOBOAHHKOBOrO KPEMHHA: 
AHAJIH3 OTXOflOB H BAPHAHTW HXITEPEPABOTKH 

DK-HTajraeBa1, H.B.CTenaHeHKO2, O.H.EoH/iapyK1 

1 - yn «MHHCKHH HHH paAHOMaTepnajioB» 
2 - BejTopyccKHH rocy^apcTBeHHHH yHHBepcHTeT HH<|>opMaTHKH H paflHoajieicrpoHHKH 

Ha nepBOM MoK^yHapo^HOM HaynHo- 
TexHHHecKOM ceMHHape B HoBonojionice B Mae 
2000 r. 6BUIH npe/jcTaBJieHH TCXHHKO-SKOHO- 

MHHecKHe npe/jnocbuiKH co3^aHHa B Pecny6- 
jiHKe Bejiapycfc npoH3BoacTBa nojiynpoBOÄ- 
HHKOBoro KpeMHHa H nepBtie pe3yjibTaxM 
aHajiHsa sHepreTHKH 0T#ejibHbix TexHOJiorn- 

necKHX npoiieccoB [1,2]. 
B TeneHHe 1999-2001 IT. MHHCKHM HHH 

paaHOMaTepnajioB, EejiopyccKHM rocy#apcT- 
BeHHblM yHHBepCHTeTOM HH(|)OpMaTHKH H pa- 
ÄH03JieKTpoHHKH (ErYHP) H HoBonojioHKHM 
3aBOÄOM «H3MepHTejib» B paMKax rrpoeiara 
«Pa3pa6oTaTi> TexHonornio npoH3BOACTBa no- 
JiynpOBOÄHHKOBOrO   KpeMHHa   H3   HOÖOHHOrO 
npo^yKTa nepepaöoTKH anaTHTOB roMejibCKO- 
ro xHMHnecKoro 3aBO#a» GBIJIH npoBe^eHbi 
yKpynHeHHbie jia6opaTopHbie HcrorraHua 
TexHOJiorHH noJiyneHHK nojiHKpHCTajuiHHe- 

CKoro KpeMHHa (nKK). 
B ocHOBy TexHOJiorHH nojiyneHHa nKK 

nojioaceHa peaKHna TepMHHecKoro pajjioace- 
HHa KpeMHe^TopH^a Harpna (Na2SiF6) c no- 
jiyneHHeM ra30o6pa3Horo TeTpa<J)TOpH,fl;a 
KpeMHHa (SiF4) [3], BOccTaHaBjiHBaeMoro 3a- 
TeM po MOHOCHJiaHa (SiH4) H nKK. 

TexHOJiorHHecKaa cxeMa nojiyneHHa KpeM- 
HHa BKJifonaeT ciiejryiomHe ocHOBHbie CTajniH: 

Cmadm 1 - TepMHHecKoe pa3Jio>KeHHe 

KpeMHe(l)TOpHÄa Harpna (K3>H): 
oTxofl - TBep^biH npoziyKT TepMHHecKoro 
pa3Jio>KeHHa KOH, npeflCTaBJieHHbiH «ftTopii- 
pou Harpna, ocTaxKaMH Hepa3JioacHBineroca 
KOH H npHMecaMH, coÄepacaBHiHMHca B HC- 

XOAHOM Cbipbe.  TO^OBOH oQ-bQU OTXOflOB CO- 
CTaBHaeT 1800 T H3 pacneia npeflnojiaraeMoft 
npoH3BoaHTejibHOCTH npoH3BO,n;cTBa nKK - 

500 T B TOP. 
Cmadm 2 - BOccTaHOBJieHHe TeTpa(])TopH- 

pa. KpeMHHa po MOHOCHJiana: 
orxojx  -  <J)TopHÄ   KaJibHHa,   OTpa6oTaHHbift 
nnaB 3BKTeKTHHecKOH cMecH LiCl + KC1   c 

BKJiioHeHHeM He BCTynHBHiero B peaKHHio H3- 
GblTKa THflpHfla KaJibHHa. ToflOBOH BblXOa OT- 
paöoTaHHoro nnasa OKOJIO 5000 T. 

Cmadm 3 - nojiyneHne nKK: 
OTXOA - BO,n;opo,ii c npHMecbio Henpopearnpo- 
BaBinero MOHOCHJiaHa. FO/IOBOH o6beM OTXO- 

POB - 880 TbIC.M3. 
AHajiH3 öairaHCOBOH TexHOJiorHHecKoM 

cxeMbi noKa3biBaeT, HTO KOJinnecTBO TBep^bix 
OTXOflOB, KOTOpbie 6yjryT o6pa30BbiBaTbca Ha 
3aBOfle npH peajiroanHH yKa3aHHOH TexHOJio- 
rHH c 3aaaHHOH npoH3BOÄHTenbHOCTbio 500 T 

nKK B TOP,, cocTaBJiaeT OKOJIO 7 THC.T B TOP,, 

KOJiHHecTBO ra30o6pa3Hbix OTXO^OB - OKOJIO 

1 MJIH.M3. npH 3TOM BO Bcex OTXOßaX npncyT- 
CTByioT c[)TopHCTbie coe^HHeHHa [4]. 

flpH pa3pa6oTKe TOH HJIH HHOH TexHOJiorHH 
ynHTbiBaioTca B nepßyio onepeab SKOHOMnne- 
CKHH H 3K0JI0rHHeCKHH (J)aKTOpbI. 

KaK noKa3HBaeT npeflBapHTejibHbiH 3K0- 
HOMHHecKHH aHariH3 [1], npewiaraeMaa Tex- 
HOJiorna no3BOJiHT noJiyHHTb nKK no neue 
17 ßOJUi.CIIIA 3a 1 Kr BMeero 50 ßOJUi.CIIIA 
no   TpaflHHHOHHOH   TeXHOJIOrHH.   TaKOH   3KO- 
HOMHnecKHH 3<J)4)eKT aBJiaeTca CTHMynoM zuia 
noncKa nyTefi pemeHHa conyTCTByioniHX 
npoÖJieM, BKJHonaa sKonornnecKyio. 

OTOpHCTbie coejiHHeHHa oTnocaTca K 1-2 H 

3 KJiaccy onacHOCTH no TOCT 12.1.005. Han- 
ÖOJIbHieH TOKCHHHOCTblO oGjia^aeT (J)TOpH- 
CTbffi   BO^OpOfl-   ToKCHHeCKOe   flefiCTBHe   TeT- 
pa^TopH^a KpeMHHa H KpeMHe^TopncTOBO- 
flopo^HOH KHCJioTbi BbipaaceHO cjia6ee. flpz 
KOH UJ\K B B03Äyxe pa6oneH 30Hbi B nepe- 
cneTe Ha (])Top cocTaBJiaeT 0,005 MIVM [3]. 

npH peajiH3aHHH npezuiaraeMOH TexHOJio- 
THH Bee ra30Bbie H wapKae OTXOPU äOJDKHH 

noABepraTbca OHHCTKC OT 4>Topa po floctHace- 
HH3    COOTBeTCTByiOniHX    CaHHTapHblX    HOpM. 
TßepAbie OTxo/ibi ÄOJiacHbi 6biTb HeHTpanH30- 
BaHH po 6e3onacHoro cocToaHHa JIHöO nepe- 
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pa60TaHH B npOflyiCUHK) HapO,HHOX03aHCTBeH- 
Horo Ha3HaneHHH. 

HaH6ojiee nepcneKTHBHofi B nuaiie SKOJIO- 

THH H 3K0H0MHKH BbimH^HT TeXHOJIOrH» C 
3aMKHyTMM HHKJIOM. 

I^ejibio HacToamefi paöoTsi aBHnocb HC- 

cjie^OBaHHe npoÖJieMbi OXXO^OB npeanojia- 
raeMoro npoH3BoacTBa IlKK, ycraHOBJieHHe 
HX HCTHHHoro cocTaBa H npoBe^eHHe npe^Ba- 
pHTeJIBHblX   H3BICKaHHH   no   B03M05KHMM   Ha- 
npaBjieHHKM HX nepepa6oTKH H Hcnojib30Ba- 
HH3. 

MeTO^HKa JKCnepHMCHTOB 
HccneflOBaHHa npoBO/mjincb Ha o6pa3nax 

OTXOÄOB, nojiy^eHHtix Ha HoBonojiom<OM 3a- 
Bo^e «H3MepHTejit» npn npoBe^eHHH yxpyn- 
HeHHbix Jia6opaTopHbix Hcm>rraHHH TCXHOJIO- 

ran nojiyneHHa UKK. TIpoow npeziBapHTejib- 
Ho H3Mejibna^H H ycpe/mann. H3yneHHe 4>a- 
30Boro XHMHHecKoro cocTaBa npoBOßHjra Ha 
peHTreHOBCKOM ÄH(J)paKTOMeTpe ßPOH-4-13 
(Co-H3JiyHeHHe  C  >KeJie3HblM  <J)HJIbTpOM),  KO- 
JiHHecTBeHHbifi 3JieMeHTHbiß cocTaB onpe^e- 
Jiajin Ha aTOMHO-a6cop6HHOHHOM cneKTpo- 
MeTpe Spectr AA 250 (JmpMbi Varian. Coßep- 
acaHHe ntupHzia Kajibnna onpe,nejiajiH oöpa-r- 
HblM THTpOBaHHeM COJ1HHOH KHCJIOTOH. 

llocjie yTOHHeHHa cocTaBa OTXOäOB npoBO- 
OTJiHCb 3KcnepHMenTbi no HX nepepaöoTKe flo 
TOBapHOH npo^yKHHH. 

Pe3yjibTaTM 3KcnepnMCHTOB 

B Ta6jiHHe npHBe^eHbi pe3yjibTaTbi aHanH- 
3a ycpe^HeHHbix npo6 OTXOäOB H cocTaB npo- 
ÄyKTOB, nojiyneHHbix npn HX nepepaöoTKe. 

06cy»caeHHe pe3yjibTaTOB 
Pe3yjibrraTbi npoBeaenHbix HccjieflOBaHnfi 

noKa3ajiH, HTO: 

1. McaneayeMbie o6pa3Hbi OTXOäOB upeji- 
noJiaraeMofi TexHOJioran nojiyneHHH YIKK 
npeacxaBJiaiOT coöoö TexHHnecKHe cMecn BM- 

coKOTOKCHHecKHx npoayicroB, OTHOCaHnieca 
no rOCT 12.1.005 KO 2 H 3 Knaccy onacHocra 
H nojyieacamHe HefiTpajiroannH. 

2. Flo npeaJio^ceHHOMy MeTo^y KapöoHH- 
3annn (o6pa6oTKa ropanHM coziOBbiM pacTBo- 
poM) OTXoabi OT TepMHHecKoro pa3Jio>KeHHa 
KOH 6buiH nepepa6oTaHbi RO ^Topnua Ha- 
TpHH KBajiH(|)HKaHnH M.A.a. no TOCT 4463. 
OÖJiacra Hcnojib30BaHH« NaF - npoH3Bo/iCT- 
BO   aHTHCenTHKOB,   aJHOMHHHH,   <J)TOpHpOBaH- 
Hbix JieHeÖHo-npo(J)H^aKTHHecKHx npoAyKTOB 
ZUia HapoaHO-xo3aficTBeHHoro noTpeojieHHa 
(3yÖHbix nacx, nnxbeBOH H MHHepajirooBaH- 
HOH   BOAbl)   H   ^p.,   B   TOM   HHCJie   B   KaHeCTBe 
copöeHTOB ra30o6pa3Hbix <J)Topcoflep)KamHx 
npo^yKTOB B paccMaTpuBaeMofi TexHojioran 
ÜKK. 

3. 06pa6oTKa OTXOAOB OT BOCcraHOBjieHHa 
TeTpa<|)TopHÄa KpeMnna AO MOHOCHJiaHa ropa- 
nefi BOAOH no3BOJiHJia Bbinenmb m OTpaöo- 
TaHHoro iuiaBa B pacTBop xjiopHflbi jiHTHa H 

KajiHa, KOTopue öynyT B03BpameHbi Ha cxa- 
auK) BoccTaHOBJieHHa KpeMHHa nocjie HCKO- 

TopoH nepepa6oTKH. TßepabiH OTXOä, npea- 
CTaBnaiomHH co6ofi rHflpooKCHfl KajibHHa H 

(J)TopH# KajibHHa, nepepaoaTbmajiH MeTonoM 
rnflpo4)a3Horo <J)TopHpoBaHHa no <J)TopH,zja 
Kajibnna.   06;iacTb  Hcnonb30BaHHa  CaF2  - 
npOH3BO^CTBO   nHaBHKOBOH   KHCJIOTbl   H   4>T0- 
pnna aMMOHna, H3roTOBJieHHe cnennajibHbix 
OnTHHeCKHX H3^eJIHH flJia MHKp03JteKTpOHHKH 
H ffp. BojibuioH Hmepec K MaTepnajiy KaK K 

3aMeHHTejno 4>-nioopHTOBoro KonneHTpaia mm 
CBapOHHblX   pa60T  npoaBHJIH   npOH3BOflHTeJIH 
sjieKTpo^OB ana cBapoHHbix pa6oT. IlpeflBa- 
pHTejibHbie HcnbrraHHa MaTepnajia B cocTaBe 
4>JIK)COB, Hcnojib3yeMbix B KanecTBe 3auiHTH0- 
ro noKpbiTna sjieKTpozioB, noKa3ajiH oojibmne 
nepcneKTHBbi Hcnojib30BaHna OTXO^OB B ^aH- 
HOM npoH3BOflCTBe. 06beM noTpe6^eHHa jxm 
cxpaH CHr, BKjnonaa POCCHIO, Bejiapycb H 

YKpanny, cocTaBJiaeT OKOJIO  1,5-2,0 TWC.T., 

HTO nOÄTBep^KÄaeT B03M02CHOCTb nOJIHOH 
yTHJIH3anHH  OTXOflOB  npOH3BO^CTBa ÜKK  H3 
KOH. 

Pa6oTa BbinojiHena npn coaeficTBHH npo- 
rpaMMbi HATO «Hayxa ami Mnpa». 
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CocTaBH OTxoflOB npe,nxiojiaraeMoro npoH3BOflCTBa 
Pe3ynbTaTBi aKcnepHMenra H cocraBbi npoflyKTOB, nojiyqeHHbix npn 

nKK. 
nepepaöoTKe OTXOäOB 

CTaflH« nponecca 
1. OTXOäH OT TepMHne- 
CKoro paBJioaceHHa KOH 

2. OTXOflbl OT BOCCTa- 

HOBJieHHS TeTpa(J)TOpH- 

na KpeMHHa JXO MOHO- 

cHJiaHa 

3. IlpoayKT Kap60HH3a- 
HHH OTXO^OB CTa/JHH 1 
4. IIpoflyKT raapaTamra 
OTXoaa co cTa^HH 2 Tex- 
HOJiorHH nKK 
5. ITpo^yKT rwxpo$a3- 
Horo (JDTOpHpOBaHHa 
OTxofla co crartHH 2 (no- 
cjie npczjBapHTenbHOH 
rnapaTaitHH) 

6. OTXOä KpeMHe4)TopH- 
CTOBOflOpOÄHOH KHCJIO- 

TBI (cra^na nonyneHHa 
KOH)   
7. npozryKT HeHTpanH- 
3au;HH OTXo^a KOH 
H3BeCTBK) 

XapaKTepncTHKa npo6bi 
HeoflHopoAHBiH cneK 
ceporo i|BeTa c BKjnone- 
HH3MH öejioro iiBexa 
njiaB SBTeKTHHeCKOH CMe 

CH LiCl-KCl, coflep>Ka- 

IUHH   CaF2 H CaH2 B BH^e 
npocjioeK 6ejioro ijBeTa 
OflHopoflHBiH noporaoK 
CBeTJio-ceporoi^Bera 
CeptiH oAHOpo/jHbffl no- 

ponioK 

CepBiH o^HopoflHbiH no- 

poinoK 

Bo^HblH paCTBOp 

Eejibrii noponioK 

JlHTepaTypa 

1. BacjweBHH B.n., BaciOKOB A.B., KOTOB 

JX.A.,  CTenaHeHKO  H.B.,  CTenaHeHKO  B.H. 
TeXHHKO-3KOHOMHHeCKHe   npe,H;nOCbDIKH   C03- 
«aHHK B PecnyöJiHKe Bejiapycb npoH3BO£CTBa 
nojiynpoBOÄHHKOBoro KpeMHHa // CoBpeMeH- 
Hbie npo6jieMbi npoeKTnpoBaHHa H npoH3BO^- 
CTBa paÄH03JieKTpoHHbrx cpe^cTB: Marepna- 
JIH MoKayHapo^Horo HaynHO-TexHHHecKoro 
ceMHHapa. - HoBonojionK: HTY, 2000. - 
C.42-45. 
2. nojisraeHOK OT., CxenaHeHKO B.H., Bacio- 
KOB A.B., BapaHKOBa H.B., flyAHHK T.U., 
CTenaHeHKO   H:B.   3HepreTHKa   HeKOTopbrx 

CocraB, % 
Na2SiF6-15,7 
NaF - 84,4 
Si02 - 0,4 
LiCl, KC1 -32,0 
CaF2 - 26,0 
CaH2 - 42,0 

NaF - 99,7 
Si02 - 0,3 
Ca(OH)2 - 74,0 
CaF2 - 26,0 

CaF2 - 90,8 
A1F3 -1,74 
BaF2-0,01 
Pb F2 - 0,02 
FeF3-6,l 
Co F2 - 0,02 
Cr F3 - 0,46 
MgF2-0,14 
Mn F2 - 0,07 
Ni F2 - 0,63 
H2SiF6-12,8 
HF-1,5 

CaF2 - 97,5 
Si02 - 2,5 

HpHMeHaHHe 

üpoöa c npe^ejibHbiM 
co^epacaHHeM CaH2 

CooTBeTCTByeT 
rOCT 4463 
Bbixo/j cyxoro co- 
CTaBJiaeT 26 % OT 

HCXOflHOrO Cbipba 
B npoflyicre coaep- 
acaTca npHMecn OT 

Koppo3HH MaTepHana 
o6opyaoBaHHa ycTa- 
HOBKH. rHflpo4>a3HOe 
(|)TopHpoBaHHe npo- 
BOflHJIH Ha <])TOpO- 
njiacTOBOM oöopyao- 
BaHHH 

CooTBeTCTByeT 
TOCT4421 
KoHiiieHTpaT njiaBH- 
KOBoro Hinara RJUL 

CBapoHHbrx pa6oT 
MapKH OKC-95A 

nponeccoB nojiyneHHa KpeMHHa H3 (Jrropco- 
^ep^ainero Cbipba // TaM ace - C.92-95. 
3. 3aftneB B.A., HOBHKOB A.A., POäHH B.H. 
npOH3BOflCTBO   (J)TOpHCTbIX   COeflHHeHHH   npH 
nepepa6oTKe 4>oc(|)aTHoro cbipba. - M.: XH- 

MHa. 1982.-246 c. 
4. TajiHeBa 3K.H., CTenaHeHKO H.B., EoH/ia- 
pyK O.H. K Bonpocy o npoH3BOÄCTBe nojry- 
npoBOAHHKOBoro KpeMHHa: aHajiH3 OTXOZIOB H 

BapnaHTbi HX nepepa6oTKH // npo6neMbi npo- 
eKTHpoBaHHa H npoH3BOÄCTBa pa^HoajieK- 
TpoHHbix cpe^CTB: MaTepnajibi II MexgryHa- 
pOflHOH   HayHHO-TeXHHHeCKOH   KOH^epeHHHH. 
- HoBonojiom<: nry, 2002. - T.l. - C.45-50. 
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